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Molecular characterisation of Campylobacter isolates from free 
range and commercial chicken in South Africa 
Chapter 1 – Introduction 
Campylobacter species are fastidious Gram negative, microaerophilic organisms that belong 
to the class Epsilonproteobacteria. They are mostly spirally curved or S-shaped bacteria that 
transient to a coccoid form when stressed. All species besides Campylobacter gracilis are 
motile and can be identified by its characteristic corkscrew-like motion which provides the 
cell with an extremely rapid and spinning rotation. This movement enables the bacteria to 
move through and colonize the viscous mucous layer of the intestinal tract of humans and 
animals. Campylobacters cannot ferment carbohydrates and obtain their energy from amino 
acids or tricarboxylic acid cycle intermediates.  
 
The genus Arcobacter, initially described as aerotolerant campylobacters, together with 
organisms of the genus Campylobacter, comprises the family Campylobacteraceae while the 
closest related bacteria to this family, Helicobacter, have been placed in the family 
Helicobacteraceae. The true number of species belonging to the genus Campylobacter 
remains debatable but a survey of the literature indicates that there are 22 species and eight 
subspecies to date.  
 
Campylobacter species are ubiquitous in the environment and can be found in various water 
bodies, treated and untreated drinking water as well as sewage water and groundwater. 
Groundwater is often used to irrigate crops and as a result, campylobacters have been isolated 
from fresh produce such as leafy vegetables, cucumber, carrots, strawberries and mushrooms. 
They are commensals in non-mammalian species such as birds and shellfish as well as warm-
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blooded animals. However, C. fetus is notoriously known as the causative agent of 
spontaneous abortion in swine, sheep and cattle.  
 
Chicken, however, is considered as the main reservoir of Campylobacter and because the 
resulting illness, campylobacteriosis is transmitted from animals to humans, it is considered 
to be a zoonotic illness. Chicken are consumed on a large scale globally and especially in 
developing countries as it is a cheaper alternative to other meats while still maintaining the 
provision of protein, essential vitamins and minerals. It has a distinct taste and does not 
require a lot of time for its preparation. Campylobacteriosis cases occur sporadically while 
outbreaks are often reported in developed countries. The majority of sporadic cases are 
determined to be of raw chicken origin since chicken are often mishandled in the domestic 
kitchen during the preparation of food. Food preparation surfaces and cutlery such as knives 
become contaminated with the organisms and act as a vehicle for the cross contamination of 
ready-to-eat (RTE) foods such as salads, fruits, vegetables and cold meats. These foods 
require no further cooking and therefore pose a serious risk in contracting 
campylobacteriosis.  
 
It is therefore of outmost importance to determine the prevalence level of Campylobacter 
species in South African free range and commercial chicken. This was done by using two 
isolation protocols; the Cape Town Protocol and the ISO10272-1:2006 method. The two 
methods were compared to determine the efficiency in the isolation of Campylobacter species 
from raw chicken. The isolates obtained were confirmed to belong to the genus 
Campylobacter by use of the Polymerase Chain Reaction (PCR) and the characterization of 
species was done by the use of biochemical tests specific to campylobacters. The results 
obtained will provide an indication of whether the South African population are at risk of 
acquiring campylobacteriosis from the consumption of raw or undercooked chicken and other 
contaminated food products. It is also important to determine the period of survival of 
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Campylobacter species strains in chicken in order to educate the public about the survival 
mechanisms of the organism and how the chicken and all working areas and cutlery should 
be handled during the preparation of food. Molecular DNA fingerprinting methods such as 
the Amplified Fragment Length Polymorphism (AFLP) technique are often used to determine 
the epidemiology of Campylobacter species in an outbreak.  
 
AFLP is a PCR-based technique where the target organisms‟ genomic DNA is fragmented 
with restriction endonucleases, ligated to adaptors and exponentially amplified under 
stringent PCR conditions. The products are then separated by denaturing gradient gel 
electrophoresis using an automated DNA sequencer and the data is collected using 
specialized software. Dendrograms are constructed and closely related organisms are 
clustered together while distantly related organisms are clustered separately. The technique 
was applied to a selection of 22 Campylobacter isolates from chicken in order to determine 
the relatedness between the bacteria. It was also used to further confirm the subtypes of the 
Campylobacter strains obtained in the study. This is important so that the source of 
Campylobacter infections in the poultry industry are identified and control measures to 
reduce or completely prevent Campylobacter colonization of flocks can be developed.  
 
Campylobacteriosis has a relatively low infectious dose as it is reported that 100 – 500 cells 
are capable of causing the illness. Clinical features of the disease include abdominal cramps, 
fever and diarrhoea which often become bloody after one or two days. Abdominal pain may 
become so intense that it mimics acute appendicitis. Young children, the elderly and 
immunocompromised individuals are most at risk of acquiring campylobacteriosis and in 
severe cases, serious secondary or post infection complications such as septicaemia, hepatitis, 
pancreatitis, meningitis, endocarditis as well as the neuromuscular, paralytic disease, 
Guillain-Barré Syndrome may arise. The illness is usually self-limiting but in the severe cases 
described, treatment with antibiotics is essential.  
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Antibiotics are used in the therapeutic treatment of human and animal infections and are also 
used sub-therapeutically as Antibiotic Growth Promoters (AGPs) to enhance the growth and 
performance of food animals. However, this sub-therapeutic use of AGPs contributes to the 
bacteria acquiring resistance to the antibiotics used. In recent years, it has been well 
documented that Campylobacter species have increasingly become resistant to 
fluoroquinolones such as ciprofloxacin and macrolides, such as erythromycin; the two 
antibiotics primarily used to treat patients with campylobacteriosis.  
 
AGPs are still used in the South African commercial farming practises. The antibiotic 
resistance patterns of the Campylobacter isolates from South African chicken was 
determined. This is of importance so that the correct antibiotic treatment can be administered 
when patients with severe cases of campylobacteriosis or secondary and post infection 
complications are presented.  
 
The aim of this study was to determine i) the prevalence of Campylobacter species in South 
African free range and commercial poultry by using the Cape Town and ISO10272-1:2006 
protocols, ii) the period that the Campylobacter isolates obtained are able to survive in 
refrigerated and frozen chicken, iii) the antibiotic resistance patterns of the isolates to five 
antibiotics commonly used in the treatment of campylobacteriosis cases and iv) the genetic 
relatedness of the isolates using the AFLP technique.  
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Chapter 2 – Literature Review 
 
2.1 INTRODUCTION 
Campylobacter species belongs to the class Epsilonproteobacteria (ε-proteobacteria) which 
has one order, Campylobacterales and two families, Campylobacteraceae and 
Helicobacteraceae (Wassenaar and Newell 2007; Alonso et al. 2011). These microorganisms 
(Figure 2.1) are non-sporulating Gram-negative slender rods (Smibert 1984; Penner 1988; 
Vandamme 2000) that are mostly spirally curved or S-shaped (Penner 1988; Vandamme 
2000) and are typically 0.2 μm to 0.8 μm in width and 0.5 μm to 5.0 μm in length (Horrocks 
et al. 2009; Alonso et al. 2011). Some species may be straight rods (Penner 1988; Vandamme 
2000) while older or stressed cultures are able to transient to a coccoid form with a typical 
diameter of 1 µm (Humphrey et al. 2007; Alonso et al. 2011). They are motile by means of a 
polar flagellum at one or both ends and have a characteristic corkscrew-like motion (Penner 
1988; Gorkiewicz et al. 2002; Alonso et al. 2011) which provides the cell with an extremely 
rapid and spinning rotation (Alonso et al. 2011) and therefore being able to move through 
very viscous media and colonize and pass through the mucous layer of the intestinal tract of 
humans and animals (Black et al. 1988; Alonso et al. 2011; Silva et al. 2011). Some species 
such as C. gracilis are non-motile while C. showae cells have multiple flagella. They are 
microaerophilic microorganisms that are not able to ferment carbohydrates 
(nonsaccharolytic) (Penner 1988; Vandamme 2000; Alonso et al. 2011; Silva et al. 2011) or 
degrade complex substances but obtain energy from amino acids or tricarboxylic acid cycle 
intermediates (Alonso et al. 2011; Silva et al. 2011). 
 
Campylobacter organisms, specifically C. fetus, were originally isolated from aborted sheep 
fetuses in 1909 and identified as the causative agent of abortion in sheep and cattle by 
McFadyean and Stockman (1913) (Penner 1988; Wassenaar and Newell 2007; Ruiz-Palacios 
2007; Blaser et al. 2008). Later, in 1919, it was cultured from aborted bovine foetal fluids by 
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Theobald Smith and classified as Vibrio fetus because of the similar morphology it shared 
with V. cholera (Smith and Taylor 1919; Allos and Lastovica 2011; Silva et al. 2011).  
 
Fig. 2.1 Immunogold electron micrograph of Campylobacter spp (Bar = 0.5 µm; adapted 
from Qian et al. 2008)  
 
Knowledge obtained from additional studies that were done on the microorganism suggested 
that V. fetus was different from other members of the genus Vibrio, as it was unable to 
ferment sugars and the genomic percentage of guanosine plus cytosine (G + C) content of V. 
fetus (32% to 35% G+C) was not typical of other members of its genus that had a genomic 
percentage G + C content of 47%. It was suggested by Sebald and Véron in 1963 that V. fetus 
is not a member of the genus Vibrio and the novel genus Campylobacter, the Greek word for 
curved rod, was proposed (Sebald and Véron 1963; Penner 1988; Wassenaar and Newell 
2007; Blaser et al. 2008; Allos and Lastovica 2011; Silva et al. 2011).  
 
The taxonomic structure of the genus Campylobacter remains a controversial matter as the 
true number of species belonging to the genus remains debatable with many authors citing 
that the genus comprises of 16 species, (On 2001; Foster et al. 2004; Alonso et al. 2011). 
Lastovica (2006) stated that the genus is comprised of 17 species while Fernández et al. 
(2008) stated that there are 20 species belonging to the genus. According to Debruyne et al. 
(2010), there are 21 recognised species, of which five were recently described. Furthermore 
eight subspecies of Campylobacter have been described (Debruyne et al. 2010). There are at 
0.5 µm 
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least 14 species of Campylobacter that have been associated with human illness (Lastovica 
2006). Although this controversial matter of the taxonomic structure of the genus requires 
further investigation, a review of the literature shows that there are 22 recognised species of 
Campylobacter to date (Table 2.1). 
 
Table 2.1 The 22 recognised species and eight subspecies of Campylobacter as compiled 
from a review of the literature 
The species of the genus Campylobacter The subspecies of the Campylobacter genus 
C. avium* C. jejuni C. fetus subsp. fetus † 
C. canadensis C. lanienae C. fetus subsp. venerealis 
 
C. coli C. lari C. hyointestinalis subsp. hyointestinalis  
C. concisus C. mucosalis C. hyointestinalis subsp. lawsonii 
C. cuniculorum* C. peloridis* C. jejuni subsp. doylei 
C. curvus C. rectus C. jejuni subsp. jejuni biotype 1 
C. fetus  C. showae C. jejuni subsp. jejuni biotype 2 
C. gracilis C. sputorum C. lari subsp. concheus
 ‡ 
C. hominis C. subartanticus* C. lari subsp. lari ‡ 
C. hyointestinalis C. upsaliensis C. sputorum bv. sputorum 
§
 
C. insulaenigrae   C. volucris* C. sputorum bv. paraureolyticus 
§
 
* Recently described species † Type species 
‡ Recently described subspecies  § Biovar – not a subspecies! 
 
A phylogenetic tree (Figure 2.2) was constructed on the basis of sequence similarity of the 
16S rRNA gene, as well as similar genotypic and phenotypic features and shows that 
Campylobacter and Arcobacter, first described as aerotolerant Campylobacter (Neill et al. 
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1978; Neill et al. 1979; Houf 2011), are close phylogenetic neighbours and belong to the 
family Campylobacteraceae (Vandamme 1991; Ho et al. 2006). The generically misclassified 
species Bacteroides ureolyticus and strains that were originally classified as free-living 
campylobacters, Sulfurospirillum species, also belong to this family. A new family, 
Helicobacteraceae, has been created to accommodate species of the genera Helicobacter and 
Wolinella which are the closest genetically related bacteria to those of the family 
Campylobacteraceae (Vandamme 2000; Wassenaar and Newell 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.2 The phylogenetic tree of the family Campylobacteraceae and its closest phylogenetic 
neighbours, members of the genera Helicobacter and Wolinella, based on percentage 
sequence similarity of the 16S rRNA gene. Burkholderia cepacia was used as an outgroup 
organism (Vandamme 2000) 
 
 
2. 2 THE RESERVOIRS AND INFECTION ROUTES OF CAMPYLOBACTER SPECIES 
Campylobacter is widely distributed in the environment and is considered to be amongst the 
normal intestinal biota of a wide range of domestic and wild animals (Alonso et al. 2011).   
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2.2.1 Environmental reservoirs harbouring Campylobacter  
Water is thought to be one of the main transmission routes of campylobacteriosis as it is 
associated with all reservoirs of Campylobacter (Jones 2001). It has been isolated from 
untreated drinking water, treated drinking water (Jones 2001; Moore et al. 2001), recreational 
water such as swimming pools and a jacuzzi (Moore et al. 2001); water bodies such as lakes, 
rivers, lagoons, canals, ponds, estuaries, coastal waters, groundwater as well as sewages and 
farm run-offs (Stampi et al. 1999; Daczkowska-Kozon and Brzostek-Nowakowska 2001; 
Jones 2001; Moore et al. 2001; Moreno et al. 2003). Campylobacter was also detected in 
very low numbers in surface and sewage waters in South Africa (Diergaardt et al. 2004). 
    
Since Campylobacter species are commonly found in water sources, there is a substantial risk 
of acquiring a Campylobacter infection from fresh produce if contaminated groundwater is 
used to water crops. It is reported that Campylobacter is frequently associated with foodborne 
illnesses due to consumption of contaminated fresh produce (Olaimat and Holley 2012). 
Kärenlampi and Hänninen (2004) have shown that clinical and chicken C. jejuni strains are 
able to survive on lettuce, cantaloupe, cucumber, carrot and strawberries. The risk of 
Campylobacter associated with raw fruit and vegetables such as sprouts, leafy vegetables, 
fruit crops, cabbage, mushrooms, mixed salads, vegetables and root crops have also been 
reported (Chai et al. 2007; Verhoeff-Bakkenes et al. 2011).  
 
Campylobacteriosis in humans are considered to be mainly a food-borne disease as foods of 
animal origin are the main source of infection and therefore the disease is considered to be 
zoonotic (Kemper et al. 2006; Hänel et al. 2009). Campylobacter spp. are commensals in 
non-mammalian species such as birds and shellfish as well as warm-blooded animals such as 
swine, sheep and cattle (Allos and Lastovica 2011) but is also associated with spontaneous 
abortions in the latter (Daczkowska-Kozon and Brzostek-Nowakowska 2001; Zhao et al. 
2010; Sippy et al. 2012).  
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2.2.2 Agricultural, domestic and wild animals as reservoirs of Campylobacter  
2.2.2.1 Chicken as a reservoir of Campylobacter  
Campylobacters are mainly associated with fresh and frozen chicken as it often colonizes live 
chickens in large numbers without the bird showing any clinical signs of illness (Jacobs-
Reitsma 2000; Doyle and Erickson 2006; Allos and Lastovica 2011; Silva et al. 2011; Habib 
et al. 2012; Sippy et al. 2012). Chicken is consumed on a large-scale worldwide and 
especially so in developing countries such as South Africa (Figures 2.3 and 2.4). Naturally 
contaminated chicken includes the whole carcasses as well as breast, breast fillet, thigh, 
drumstick and wing portions (Sallam 2007; Suzuki and Yamamoto 2009; Hue et al. 2011). 
 
 
Fig. 2.3 A graph showing the consumption of different animal meat and meat products in 
South Africa in 2010 (adapted from Anon 2011) 
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Fig. 2.4 Graph depicting the consumption of poultry in comparison to other meats in South 
Africa (adapted from Anon 2011) 
 
Chicken is high in protein, contains essential vitamins and minerals (Sallam 2007; Silva et al. 
2011) and the prices of chicken meat is lower than that of lamb, beef and pork (Figure 2.5) 
(Silva et al. 2011; Anon 2012). 
 
Internal organs such as the large intestines, caeca and cloaca contain the highest 
Campylobacter load with levels as high as 10
5
 to 10
9
 CFU.g
-1
 reported (Corry and Atabay 
2001; Zweifel et al. 2008). During the defeathering and evisceration stages of the slaughter 
process, the internal organs are ripped out of the chicken carcass and it is at these stages of 
the slaughtering process that the chicken meat becomes contaminated with Campylobacter 
(Ono and Yamamoto 1999; Allen et al. 2007; Reich et al. 2008; Hansson et al. 2010). It is 
not uncommon to find households in South Africa, especially in rural and poor communities, 
rearing chicken in their back yards (subsistence farming) as it contributes significantly to 
their income (Mtileni et al. 2009). Chicken is high in protein, contains essential vitamins and 
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minerals (Sallam 2007; Silva et al. 2011) and the prices of chicken meat is lower than that of 
lamb, beef and pork (Figure 2.5) (Silva et al. 2011; Anon 2012). Chicken by-products are 
also widely consumed because of its low price, special taste and the short time needed for 
preparation (Sallam 2007; Silva et al. 2011). The by-products often found to be naturally 
contaminated with Campylobacter in prevalence studies in Japan include gizzards, liver and 
the heart (Sallam 2007; Suzuki and Yamamoto 2009). 
 
 
Fig. 2.5 The prices of broiler chicken per kg in comparison with beef and pork in South 
Africa (adapted from Anon 2012)  
 
 
Therefore, the risk of acquiring campylobacteriosis from contaminated chicken greatly 
increases especially when handling raw chicken, eating undercooked chicken meat or the 
cross contamination of raw to cooked foods due to the variation in food preparation and 
preferences worldwide (Alonso et al. 2011).  
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 2.2.2.2 The prevalence of Campylobacter in other agricultural animals 
Poultry has long been considered as the main reservoir of Campylobacter species in the 
transmission of human Campylobacter – enteritis. However, cattle may also represent an 
important infectious source of a variety of Campylobacter species (Stanley and Jones 2003; 
Bae et al. 2007; Enokimoto et al. 2007). Cattle are usually asymptomatic carriers of 
campylobacters but it is also known that Campylobacter species are associated with septic 
abortion in these animals (Sippy et al. 2012). As is the case with poultry, campylobacters 
readily contaminate meat and meat products during the evisceration stage of the slaughtering 
process. Japanese consider raw beef liver and meat (sashimi) a delicacy and therefore this 
eating practise greatly increases the risk of acquiring campylobacteriosis (Enokimoto et al. 
2007).   
 
C. jejuni  is the most common species associated with cattle (Horrocks et al. 2009) but the 
recovery of C. coli, C. fetus and C. hyointestinalis have also been reported (Enokimoto et al. 
2007). Campylobacter species have previously been isolated from the intestinal contents 
(Saito et al. 2005), bile, liver (Saito et al. 2005; Enokimoto et al. 2007) as well as the 
carcasses of cattle and its meat products at the retail level (Gill and Harris 1982; Kotula and 
Stern 1984). An experiment by Enokimoto et al. (2007) has shown that campylobacters can 
survive in bile for a long period as the growth of C. coli, C. fetus and C. jejuni initially 
increased exponentially before reaching a plateau where no apparent increase in growth 
occurred for 28 days in spiked bile. No decline phase was observed. The same study also 
determined the transfer route of bacterial cells to the gallbladder by intravenously injecting 
the above-mentioned Campylobacter species in mice. The study showed that Campylobacter 
species are capable of being transferred from the bloodstream to the major organs including 
the bile, blood, liver, spleen, kidney and caeca as identical bacterial cells were recovered after 
three days post inoculation (Enokimoto et al. 2007).  
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An outbreak of campylobacteriosis due to consumption of contaminated milk occurred in 
August 1992 when local doctors in a town in Northamptonshire (United Kingdom - UK) 
reported the increase in the cases of patients with diarrhoea. After investigation by the 
Environmental Health Officers, it was found that the pasteurizing equipment of a local dairy 
had failed to reach the correct temperature required for pasteurization of the milk as all 
samples of milk and milk products had failed the phosphatase test (Fahey et al. 1995), which 
detects the presence of the thermally stable enzyme, phosphatise which is present in raw 
milk. The enzyme is deactivated when pasteurisation temperatures are reached (Burgwald 
1939). The stool samples supplied by 41/53 patients were positive for C. jejuni and serology 
tests were positive for 16/41 patients. Twenty-four patients, who did not have their faeces 
cultured, had positive serology tests (Fahey et al. 1995).Another outbreak in the UK took 
place in 1979 where over 2500 school children became infected with Campylobacter after the 
ingestion of pasteurized milk (Jones et al. 1981).  
 
Two more outbreaks associated with the consumption of raw cow‟s milk were reported in 
2005 and 2007 in The Netherlands. The incident in 2005 occurred when 22/34 school 
children developed diarrhoea after a visit to a dairy farm. The consumption of raw milk 
during the visit could be directly linked to 86% of the cases. The outbreak in 2007 occurred 
when bulk tank raw milk was served and used to prepare dishes for a firm‟s lunch outing to a 
dairy farm. People (84%) who consumed the raw milk became sick and C. jejuni was 
cultured from stool specimens. The recovered Campylobacter species could directly be linked 
to the bulk tank raw milk (Heuvelink et al. 2009).  
 
Campylobacter species are often isolated from the faeces of healthy and ill cows but are less 
efficiently isolated from milk (Fahey et al. 1995; Jacobs-Reitsma 2000) and this may lead to 
the incorrect tracing to the source of contamination. Human campylobacteriosis cases had 
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also previously been associated with bird-pecked milk (Moore and Rooney 2010), soft 
cheeses and yoghurts (Hussain et al. 2007; El-Sharoud 2009; Ogden et al. 2009).    
 
The prevalence of Campylobacter in sheep is not as extensively documented as other 
agricultural animals (Horrocks et al. 2009). However, it is known that C. fetus subsp. fetus is 
the leading cause of spontaneous abortion in sheep (Erganis et al. 2002) with stillbirth and the 
birth of weak lambs caused by both C. fetus subsp. fetus and C. jejuni later in pregnancy. 
Campylobacteriosis is highly contagious and may cause up to 70% of ewes to abort their 
young (Raji et al. 2000). Campylobacter species have also been associated with the liver 
(Fenwick et al. 2000; Kramer et al. 2000), gallbladder (Raji et al. 2000; Açik and Çetinkaya 
2006), intestinal contents (Raji et al. 2000; Zweifel et al. 2004; Açik and Çetinkaya 2006) 
and faeces (Açik and Çetinkaya 2006).  
 
In comparison to poultry, cattle and sheep, the predominant Campylobacter species 
associated with swine is C. coli (Jensen et al. 2006; Horrocks et al. 2009; Bratz et al. 2012). 
The prevalence of C. coli in pigs range between 50% to 100% with excretion levels ranging 
between 10
2
 to 10
7
 CFU.g
-1
 of faeces (Jensen et al. 2006; Maridor et al. 2008; Horrocks et al. 
2009; Bratz et al. 2012). A study conducted in Limpopo, South Africa, showed that the 
prevalence levels of Campylobacter in pigs on three farms were 30.2% and that the majority 
of isolates, 87.5%, were C. coli (Uaboi-Egbenni et al. 2011). Gorkiewicz et al. (2002) 
reported the transmission of C. hyointestinalis from a pig to a 88 year old woman who was 
hospitalised for suffering from persistent diarrhoea, abdominal pain and intermittent vomiting 
for more than one month and who lived and worked on a farm that had pigs, chickens, cats 
and dogs. The patient‟s stool samples were positive for two strains of C. hyointestinalis and 
two strains of C. jejuni. C. hyointestinalis and C. coli were also recovered from the porcine 
stool samples (Gorkiewicz et al. 2002).  
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2.2.2.3 The prevalence of Campylobacter in domestic animals 
Contact with animals, especially pets and animals in petting zoos or on farms may pose a 
serious health risk to immunocompromised individuals such as the elderly, pregnant women, 
organ recipients, cancer patients and children through zoonotic transmission of disease. 
Infants to pre-school aged children are especially at risk of acquiring zoonotic illnesses from 
their environment due to their inquisitive nature with the petting of animals and licking by 
pets considered the main transmission routes of zoonotic illnesses due to lack of hygiene 
practises after contact (Sockett and Rodgers 2001; Hemsworth and Pizer 2006). 
 
Campylobacter has been shown to be associated with domestic pets and contact with the 
pet(s) is considered a major risk factor for acquiring Campylobacter-associated illness 
(Salfield and Pugh 1987; Sockett and Rodgers 2001; Hemsworth and Pizer 2006). A recent 
study done in North America by Chaban et al. (2010) has shown that pet dogs harbour a wide 
diversity of Campylobacter species: 14 species including species considered as emerging 
campylobacters were detected and quantified by quantitative PCR. The study also showed 
that 58% of healthy dogs shed detectable levels (10
3
 – 108 CFU.g-1 of faeces) of 
Campylobacter species while 97% of diarrheic dogs shed higher levels within the detectable 
range of Campylobacter species. Many of the dogs were infected with multiple species of 
Campylobacter (Chaban et al. 2010).  
 
Studies of Campylobacter in dogs in the UK has shown prevalence of 38% in dogs visiting 
veterinary practises (Parsons et al. 2010) and 46% to 73% in kennelled dogs (Parsons et al. 
2011). Carbonero et al. (2012) showed that 33% of healthy and diarrheic dogs in Spain 
harboured Campylobacter. These studies showed that 58.8% of ill and healthy dogs 
(Carbonero et al. 2012), 95% of dogs visiting veterinary practises (Parsons et al. 2010) and 
62% of kennelled dogs (Parsons et al. 2011) harboured C. upsaliensis while C. jejuni was the 
second-most frequently isolated species (Parsons et al. 2010; Parsons et al. 2011; Carbonero 
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et al. 2012). These animals pose a risk of zoonosis to individuals who come into contact with 
them.  
 
The prevalence of Campylobacter detected in pet cats has been less frequently reported than 
dogs. Acke et al. (2006 and 2009) showed that there is a prevalence of 75% of healthy Irish 
cats in shelters that harbour Campylobacter species (Acke et al. 2006) while Campylobacter 
species were isolated from 42.9% of Irish household healthy or ill cats (Acke et al. 2009). C. 
helveticus, C. jejuni, C. upsaliensis as well as species of the closely related genus 
Helicobacter have been detected in the stools of healthy and diarrheic cats. Co-infection of 
multiple species of Campylobacter and the related genera has been found in cats (Rossi et al. 
2008; Koene et al. 2009). 
 
 2.2.2.4 The prevalence of Campylobacter in wild animals 
Wild animals and birds have been associated with the transmission of Campylobacter to 
agricultural animals (Horrocks et al. 2009; Sippy et al. 2012). This route of transmission is 
implicated in the contamination of mussels, clams and oysters when the droppings of seagulls 
that cluster near shellfish beds wash over the shellfish when the tide is low (Abeyta et al. 
1993; Endtz et al. 1997; Jacobs-Reitsma 2000). Campylobacters have been recovered from 
wild birds and small mammals (Sippy et al. 2012) such as rodents (squirrels) (Dipineto et al. 
2009), reptiles (turtles) (Harvey and Greenwood 1985; Tu et al. 2004; Tu et al. 2005) as well 
as zoo animals (Misawa et al. 2000). Kemper et al. (2006) also reported an incidence where 
C. hyointestinalis was isolated from a semi-domesticated reindeer in a study done in Northern 
Finland and Norway. Campylobacters have also been associated with foxes, monkeys and 
seals (Lastovica 2006). 
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2.2.3 Survival of Campylobacter in chicken meat, red meats and the environment. 
Campylobacters are microaerophilic organisms and because of this fastidious growth 
requirement, it is often thought that Campylobacter species would not be able to survive 
conditions outside the host and the non-favourable, harsh conditions of the environment. 
Approximately 500 million cases of campylobacteriosis due to the consumption of 
contaminated food occur annually (Horrocks et al. 2009). This shows that Campylobacter can 
indeed survive environmental conditions outside the host (Humphrey et al. 2007; Rajkovic et 
al. 2010; Sampers et al. 2010).  
 
As previously mentioned, Campylobacter are able to survive in a variety of water bodies 
including treated, untreated and inadequately treated drinking water. Talibart et al. (2000) has 
shown that C. jejuni and C. coli are able to survive between 14 and 21 days in an aqueous 
microcosm (sterile water at pH 6). The difference in survival periods are strain dependent. 
Two of the test strains were able to maintain its viability for 35 days in a shaken aqueous 
microcosm at 4°C while being viable for more than 60 days without shaking. Campylobacter 
enter a viable but non culturable (VBNC) stage when in a stressed or non-favourable growth 
environment. This study went on to show that the strains could be resuscitated after 
inoculating nine day old fertilised eggs with 1ml of the aqueous microcosm. This shows that 
VBNC strains have the capability of regaining viability and subsequently have the potential 
to colonise and infect humans and animals. It may also be indicative of a certain factor 
present in the embryonic egg that is essential to the resuscitation of VBNC Campylobacter 
colonies (Talibart et al. 2000). Guillou et al. (2008) has also demonstrated the ability of C. 
jejuni to survive in bottled water although the risk of acquiring a Campylobacter infection is 
low as cells enter the VBNC state. 
 
The incidence rate of Campylobacter found in poultry flocks varies across geographical 
regions (Suzuki and Yamamoto 2009; Sheppard et al. 2010). Reported incidence rates are 
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typically between 35% (Rosenquist et al. 2006) to 48% (Georgsson et al. 2006; Sampers et 
al. 2010). Most countries have a prevalence of 50% or more (Suzuki and Yamamoto 2009) 
but prevalences of up to 85% of retail chicken naturally contaminated with Campylobacter 
are often reported (Sampers et al. 2008; El-Shibiny et al. 2009a; Horrocks et al. 2009; 
Ligowska et al. 2011). Campylobacters cannot grow in temperatures below 30°C but these 
incidence rates are evidence that they have the ability to survive in environments where its 
favourable growth conditions are not met (Ligowska et al. 2011).  
 
The survival of Campylobacter in any environment is strain-dependant (Habib et al. 2010). 
Survival studies of naturally and artificially contaminated chicken meat has demonstrated that 
Campylobacter species are more sensitive to the freezing (storage at -20°C) of chicken as a 
significant reduction of Campylobacter numbers occur on initial freezing of the sample. 
Subsequent freeze-thaw cycles have shown no significant reduction in Campylobacter 
numbers and therefore this stress of freezing does not completely eliminate Campylobacter 
from a sample (Georgsson et al. 2006; Habib et al. 2010; Sampers et al. 2010) as it could still 
be detected 84 days (Sampers et al. 2010) to 220 days (Georgsson et al. 2006) after 
inoculation. In comparison, Campylobacter numbers does not decrease significantly at 4°C 
for 14 days when subjected to freezing. The cooking of naturally and artificially 
contaminated food to an internal temperature above the maximum growth temperature (52°C 
to 58°C) of Campylobacter reduces the number of the bacteria to below detectable levels 
(Sampers et al. 2010).  
 
A study by Melero et al. (2012) demonstrated that the combination of freezing with a high 
oxygen - modified atmosphere packaging (MAP) completely eliminates C. jejuni from fresh 
chicken meat burgers stored at 4°C. Comparable results were obtained by Dykes and 
Moorhead (2001) who demonstrated that not only are C. jejuni able to survive but also, there 
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was no significant reduction in numbers in standard vacuum and 100% carbon dioxide 
packaging of inoculated beef cuts at -1.5°C for 41 days (Dykes and Moorhead 2001).  
 
The many reservoirs of Campylobacter spp. suggest the many transmission routes (Figure 
2.6) that susceptible animals and humans can acquire Campylobacter infections. 
 
 
 
 
 
 
 
 
 
 
Fig. 2.6 The most important infection routes of human campylobacteriosis (adapted from 
Dasti et al. 2010) 
 
2.3. CAMPYLOBACTERIOSIS 
For nearly a century, Campylobacter species has been recognised as a pathogen in food-
production animals. It was the causative agent of septic abortion in cattle and sheep and also 
the cause of diarrhoea in cattle (Zhao et al. 2010; Sippy et al. 2012). However, they have 
only been recognised as a human pathogen for the last three decades (Friedman et al. 2000; 
Blaser et al. 2008; Horrocks et al. 2009) and is now considered the most common bacterial 
cause of acute gastroenteritis worldwide (Gibreel and Taylor 2006; Colles et al. 2008; 
Horrocks et al. 2009; Habib et al. 2012). 
 
Water 
chicken 
milk/meat 
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Campylobacter infections in humans is mainly considered to be a zoonotic disease, derived 
from contaminated foods of animal origin and usually occurs sporadically while large 
community outbreaks are relatively rare (Jacobs-Reitsma 2000; Colles et al. 2008; Hänel et 
al. 2009; Hue et al. 2011; Silva et al. 2011; Calciati et al. 2012; Habib et al. 2012).  
 
Campylobacteriosis or Campylobacter enteritis is an acute diarrhoeal disease of humans with 
clinical features the same as that of salmonellosis or shigellosis and is therefore difficult to 
differentiate from other infections of bacterial origin. A reported case can therefore only be 
confirmed when campylobacters are cultured from stool (Skirrow and Blaser 2000; Allos and 
Lastovica 2011; Alonso et al. 2011), blood and other site(s) of infection (Allos and Lastovica 
2011). Campylobacteriosis, caused by the infection of an individual with any of a variety of 
Campylobacter species, is one of the leading causes of food-borne bacterial illnesses in 
developed and developing countries (Suzuki and Yamamoto 2009). Globally, it is the cause 
of 400 to 500 million cases of acute diarrhoea each year and an estimated 2.5 million cases of 
campylobacteriosis is reported in the United States and more than 340 000 cases are reported 
in the UK annually (Diergaardt et al. 2004; Humphrey et al. 2007; Ruiz-Palacios 2007; 
Colles et al. 2008; Horrocks et al. 2009). The reports show that there is a 30% increase in 
annual rates and it is estimated that the actual number of cases per year is closer to 450 000, 
taking into account the cases that are unreported. It is also estimated that 10% of the reported 
cases are hospitalised in the UK annually (Strachan and Forbes 2010). In 2005, annual 
statistics show that there were more than 51.6 reported campylobacteriosis cases per 100 000 
inhabitants in 24 European Union countries (Nauta et al. 2009a) and 212 064 confirmed cases 
were reported by the European Food Safety Authority (EFSA) in 2010 (Wieczorek et al. 
2012).  
 
The economic burden of campylobacteriosis is largely due to the clinical costs and lost 
working hours. In the US, the accumulated losses are estimated to be between $1.3 to 6.2 
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billion (Humphrey et al. 2007; Samie et al. 2007). This amount does not take into account the 
amount of cases that are not reported. The true incidence of campylobacteriosis cases is 
estimated to be 10 times more than the number of cases that are reported (Samie et al. 2007). 
The disease burden in The Netherlands is approximately €21 million, £65 million in the UK 
(the true estimate is probably closer to £500 million), NZ $4.48 million in New Zealand 
(Humphrey et al. 2007) and €10.9 million in Belgium (Messens et al. 2009) per annum.  
 
There are no official records of the incidences and frequency of Campylobacter infections in 
South Africa (Samie et al. 2007; Allos and Lastovica 2011); however, a significant number of 
cases are recorded each year from diarrhoeic stool and blood culture samples from paediatric 
patients from Red Cross Children‟s and Groote Schuur Hospitals in Cape Town, South Africa 
(Diergaardt et al. 2004; Alam et al. 2006; Lastovica 2006; Lastovica and Allos 2008). As in 
most developing countries, Campylobacter species is mostly frequently isolated in infants 
younger than two years of age in South Africa. It is also frequently isolated from children 
older than two years, asymptomatic children and adults and compares with 
campylobacteriosis cases in developed nations (Allos and Lastovica 2011). In a separate 
South African study using molecular diagnostic methods, C. jejuni was associated with 
84.8% diarrheic cases especially amongst HIV positive individuals (Samie et al. 2007). The 
majority of campylobacteriosis cases are caused by C. jejuni or C. coli, (Skirrow and Blaser 
2000; Lastovica and Skirrow 2000; Bae et al. 2007; Allos and Lastovica 2011) but other 
emerging species of Campylobacter are recognised to be pathogenic organisms (Lastovica 
2006; Lastovica and Allos 2008; Lastovica 2009). 
 
2.3.1 Characteristics of the disease 
Campylobacteriosis has a relatively low infectious dose as only 100 - 500 organisms are 
capable of causing disease (Robinson 1981; Diergaardt et al. 2004; Calderón-Gómez et al. 
2009; Maal-Bared et al. 2012). The incubation period has a mean of 3 days and ranges from 
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18 hours to 8 days. The illness may last as little as a few days to more than one week 
(Skirrow and Blaser 2000; Allos and Lastovica 2011; Alonso et al. 2011). The clinical 
features of campylobacteriosis include abdominal cramps, fever and diarrhoea (Nachamkin et 
al. 2000; Humphrey et al. 2007; Alonso et al. 2011; Calciati et al. 2012) which often become 
bloody after 1 to 2 days of diarrhoea. Nausea is also a frequent symptom but a small 
percentage of vomiting has been reported (Skirrow and Blaser 2000; Humphrey et al. 2007; 
Calciati et al. 2012). Abdominal pain may be continuous and become so intense that it may 
mimic acute appendicitis; this is the most frequent reason for admission of 
campylobacteriosis cases to hospital (Skirrow and Blaser 2000; Humphrey et al. 2007; 
Alonso et al. 2011). These symptoms may vary from mild to severe and the incidence of 
asymptomatic and milder cases of symptoms experienced is common (Skirrow and Blaser 
2000; Alonso et al. 2011). All age groups are affected by the disease but those most at risk 
are very young children (younger than six years of age), the elderly and 
immunocompromised individuals (Coker et al. 2002). Complications of Campylobacter 
enteritis may give rise to extra-intestinal and post-infection complications.  
 
2.3.2 Extra-intestinal infections 
Bacteremia is the presence of bacteria in the blood (Pigrau et al. 1997; Prescott et al. 2005) 
and is rarely reported in campylobacteriosis. This may be that it occurs as a transient event in 
the early stages of infection and is not detected as blood cultures are rarely performed in the 
early stage of the infection and the methods for detection are not as sensitive for 
Campylobacter species, as for other bacteria. It is mostly reported in people that are 65 years 
and older, immunocompromised patients or almost always associated with patients with an 
underlying disease such as liver cirrhosis, neoplasia and immunosuppression due to 
chemotherapy (Pigrau et al. 1997; Skirrow and Blaser 2000). In a brief study of paediatric 
patients, 20 Campylobacter strains were isolated from 19 blood and one cerebrospinal fluid 
sample(s). Four of the isolates were C. coli while the rest was C. jejuni (Lastovica and Penner 
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1983). Serious cases of septicaemia have been reported as a result of C. jejuni infections in 
patients with a severely compromised immune system (Skirrow and Blaser 2000). Although 
rarely reported, animals such as ostriches may suffer from fatal Campylobacter septicaemia 
(A.J. Lastovica, personal communication). 
 
Cases of hepatitis and pancreatitis have been associated with campylobacteriosis. These cases 
have been reported mainly in adults and have successfully been resolved after antimicrobial 
treatment directed at the infecting species (Skirrow and Blaser 2000). It has long been known 
that campylobacters, particularly C. fetus, are the causative agent of abortion in sheep and 
cattle. In addition, C. jejuni and C. coli are responsible for a significant number of ovine 
abortion cases. Until 2000, there have also been 30 reported cases of human septic abortion 
and stillbirth due to Campylobacter infection. Half of these cases were caused by C. fetus, 
one by C. hyointestinalis and the rest was caused either by C. jejuni or C. coli. The manner in 
which Campylobacter are able to infect human placenta is unknown but is thought to reach 
the placenta by hematogenous spread from the intestinal tract. The pathology of human 
abortions caused by Campylobacter infections are similar to that of sheep where acute 
placentitis causes death as a result of placental insufficiency although the infection reaches 
the fetus via the amniotic fluid (Skirrow and Blaser 2000). Other extra-intestinal 
complications include haemolytic-uremic syndrome (HUS), peritonitis, myocarditis, 
nephritis, prostatitis, cholecystitis, meningitis, endocarditis, abscesses and urinary tract 
infections (Skirrow and Blaser 2000; Allos and Lastovica 2011; Alonso et al. 2011). 
 
2.3.3 Post-infective sequelae 
Complications may arise after the individual has had a Campylobacter infection and include 
Guillain-Barré Syndrome (GBS), Miller Fisher Syndrome (MFS), Reactive Arthritis (ReA) 
and Crohn‟s Disease (Goddard et al. 1997; Nachamkin et al. 1998; Endtz et al. 2000; Hannu 
et al. 2004; Zhang et al. 2009).  
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GBS is an autoimmune disorder of the peripheral nervous system and the most common 
cause of acute flaccid neuromuscular paralysis since the eradication of polio globally. It 
results in the weakness of the limbs and respiratory muscles and areflexia (loss of reflexes). 
The weakness is usually developed symmetrically and evolves over a period of several days 
or more. Intensive care is needed for a full recovery that takes place over weeks or months 
(Nachamkin et al. 1998). It is frequently preceded by a number of bacterial and viral 
infections but Campylobacter – enteritis is now recognized as the most identified infection 
preceding GBS (Goddard et al. 1997; Endtz et al. 2000; Nachamkin 2002). The recovery of 
some patients may be uneventful and complete while some are left with severe neurologic 
deficits.  
 
The first case of GBS following a Campylobacter infection was reported in 1982. The 45 
year-old man developed irreversible neurological damage just two weeks following the 
gastrointestinal illness. Thereafter, more reports had described the development of GBS 
following a C. jejuni infection. Males are more likely to develop GBS than females with a 
ratio of 3:1 (Nachamkin et al. 1998). The incidence of the development of GBS following a 
Campylobacter infection is one in 1000 (Endtz et al. 2000; Nachamkin 2002; Humphrey et 
al. 2007). The risk increases to approximately to one in 200 for patients infected with C. 
jejuni serotype HS:19 (Nachamkin 2002; Humphrey et al. 2007). 
 
Prior to 1997, there have been a few reports of GBS in children. However, a study done over 
a period of 15 months at the Red Cross War Memorial Children‟s Hospital (RCWMCH) in 
Cape Town, South Africa between June 1994 and August 1995 showed that Campylobacter 
spp. were isolated from stool samples in nine of 14 paediatric patients admitted with GBS 
(Goddard et al. 1997). Six of the isolates were identified as C. jejuni subsp. jejuni biotype 2, 
serotype 0:41. These six patients had a more severe disease than the others from whom C. 
concisus, C. upsaliensis and C. jejuni subsp. jejuni biotype 1 were isolated. C. jejuni subsp. 
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jejuni biotype 2, serotype 0:41 is an extremely rare sero-biotype of Campylobacter in the 
RCWMCH region (Goddard et al. 1997; Wassenaar et al. 2000). There are several different 
factors that contribute to the risk of developing GBS following a C. jejuni infection and 
include the age of the host and serotype-specific risks (Goddard et al. 1997; McCarthy and 
Giesecke 2001).  
 
Miller Fisher Syndrome is a non-paralytic, rare variant of GBS (Endtz et al. 2000) and is 
characterised by the acute onset of unsteadiness of gait (ataxia), areflexia and an inability to 
move the eyes, usually associated with non-reactive pupils (ophthalmoplegia) (Nachamkin et 
al. 1998). 
 
Reactive arthritis (ReA) is a non-purulent joint inflammation condition that is triggered by 
gut - or urogenital tract infections. The mechanism of pathogenesis of this Campylobcter – 
mediated rheumatologic disease is not fully understood. Different serotypes of C. jejuni are 
amongst the different pathogens that are able to trigger this reaction (Hannu et al. 2002; 
Hannu et al. 2004). In a population-based study, the mean appearance of pain and swelling of 
joints after the onset of bowel symptoms characteristic of campylobacteriosis was 14 days 
and lasts from several weeks to several months and in rare cases lasts up to one year (Skirrow 
and Blaser 2000). Studies done on Campylobacter outbreaks show that the occurrence rate of 
ReA following an outbreak is between 0.7% and 2.6% (Hannu et al. 2004). Reiter‟s 
Syndrome, a manifestation collectively of the inflammatory arthritis of large joints, 
conjunctivitis and urethritis in men or cervicitis in women, has also been observed in some 
patients with reactive arthritis associated with Campylobacter infections (Skirrow and Blaser 
2000). 
 
Irritable Bowel Syndrome(s) (IBS), which includes Crohn‟s Disease and ulcerative colitis, is 
characterised by abdominal pain and sometimes an altered bowel habit, has increasingly been 
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linked to campylobacteriosis. Little is known about the role of Campylobacter pathogenesis 
in IBS (Zhang et al. 2009; Alonso et al. 2011).  
 
Campylobacteriosis is a normally self-limiting disease (Bester and Essack 2008; Alonso et al. 
2011) but treatment with antibiotics is often necessary in young children, pregnant women 
and immunocompromised patients who have a greater possibility of experiencing an 
increased severity or duration of infection. It is an absolute necessity to treat patients that has 
developed secondary or post-infection complications with antibiotics (Zirnstein et al. 1999; 
Ishihara et al. 2004; Silva et al. 2011). 
 
2.4 ANTIBIOTIC THERAPY AND ACQUIRED ANTIBIOTIC RESISTANCE IN 
CAMPYLOBACTER SPECIES  
 
Natural antibiotics originate from microorganisms and are chemical compounds that inhibit 
the growth of other microbes in its surrounding environment. The many classes of antibiotics 
are classified by its structural type as well as its mechanism of action in inhibiting or killing 
the target cell(s) (Davies 2006) such as preventing the synthesis of bacterial proteins by 
antibiotics belonging to the class of aminoglycoside antibiotics (Graeme and Pollack 1996; 
Butaye et al. 2003).  
 
Antibiotics were first discovered by Sir Alexander Fleming and used exclusively by the 
military during World War II. As novel antibiotics were discovered and newer techniques 
employed for its production, it became widely available for use by the general public (Alanis 
2005; Hiramatsu et al. 2012). Coincidently, it was discovered that antibiotics were also 
beneficial to the health of animals, especially food animals, not only therapeutically but also 
as an agent for enhancing the growth and performance of these animals when added to their 
feed at sub-therapeutic concentrations (van den Bogaard and Stobberingh 2000; Castanon 
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2007; Martinez 2009; Silva et al. 2011). As was the case in human therapy during World War 
II, there was a clear correlation with the acquired resistance of bacteria to the antibiotics used 
in the animal feed (Alanis 2005; Dibner and Richards 2005).  
 
An increase in the trend of antibiotic resistance continued during the years that antibiotics 
were used as growth promoters. This increasing trend was a cause of concern to Swann in 
1969 which led him to suggest the banning of the use of sub-therapeutic antibiotics to the 
British Parliament (Dibner and Richards 2005). The 1980‟s saw the vast emergence of 
antibiotic resistant pathogens globally and this led to the recommendation to ban all growth 
promoters. Sweden was the first country to discontinue the use of antibiotic growth promoters 
(AGPs) in 1986 and in 1997, avoparcin was banned in Denmark with the Commission of the 
European Union banning it in all European Union (EU) member states in 1997. Food-
animal/agricultural farmers in Denmark voluntarily banned the use of all AGPs in February 
1998 after the banning of virginiamycin in January of the same year (Aarestrup et al. 1998; 
Casewell et al. 2003; Dibner and Richards 2005; Castanon 2007). Coccidiostats are still used 
in the poultry industry (Dibner and Richards 2005).  
 
The use of antimicrobials was banned in poultry production by the European Council in 1998 
when the realisation became apparent that the efficacy of the antimicrobials in human therapy 
may weaken (European Economic Community 1998). Since the introduction of antibiotic 
therapy, vast numbers of antibiotic-resistant bacteria has developed throughout the world. 
This acquired resistance is primarily a direct result of many years of underuse, misuse and 
overuse of antibiotics by humans (Fàbrega et al. 2008; Davies and Davies 2010).  
 
AGPs are used intensively in animal health in South Africa. It is used therapeutically to treat 
diseases as well as sub-therapeutically for the prevention of diseases which increases animal 
production. The South African Government acknowledges that this practise may lead to the 
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development of antibiotic resistant bacteria, which in turn, could compromise human therapy 
(Xingwana 2008). 
  
Patients with campylobacteriosis that require antibiotic therapy are primarily treated with 
macrolides and fluoroquinolones (Avrain et al. 2003; Ishihara et al. 2004; Moore et al. 2006; 
Bester and Essack 2008) while tetracyclines, although rarely used, have been suggested as an 
alternative choice of treatment. Serious cases of Campylobacter infections, such as 
bacteremia or other systemic infections may necessitate the administration of intravenous 
aminoglycoside (gentamicin) therapy (Aerestrup and Engberg 2001; Wieczorek et al. 2012).  
 
Campylobacteriosis is considered a zoonotic illness as it is mainly acquired from the handling 
and consumption of raw and inadequately cooked contaminated chicken. Therefore, antibiotic 
resistant Campylobacter strains are likely to be consumed if contaminated chicken are 
ingested (Bester and Essack 2010). The South African government are however concerned 
about the range and extent of antibiotic use in animal production as there are an estimated 
7096 of antibiotics used as AGPs according to the Union of Concerned Scientists. However, 
this practise cannot be eradicated because of the type of farming methods practised where 
many animals are housed in confined spaces (Xingwana 2008).  
 
2.5 DIAGNOSIS OF CAMPYLOBACTERIOSIS 
2.5.1 Growth conditions 
Campylobacters are fastidious, slow-growing microorganisms that require specific 
microaerophilic incubation conditions for its survival (Stoyanchev 2004; Humphrey et al. 
2007). Most strains of C. jejuni subsp. jejuni and C. coli grow relatively fast when compared 
with C. upsaliensis, C. rectus, C. hyointestinalis and C. concisus (Lastovica 2006). 
Hydrogen-enriched microaerophilic conditions essential for optimal growth of 
campylobacters (Lastovica and le Roux 2003a; Diergaardt et al. 2004; Lynch et al. 2010) can 
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be obtained with commercially available anaerobic gas generating kits such as the Oxoid 
BR038 Gas Generating Kit (Lastovica and le Roux 2003a; Diergaardt et al. 2004). A 
hydrogen enriched microaerobic atmosphere containing 5% O2, 10% CO2 and 85% N2 is 
required by most Campylobacter species for optimal growth (Kaakoush et al. 2007; Potturi-
Venkata et al. 2007; Alonso et al. 2011). A primary incubation temperature of 42°C allows 
for the growth of usually just C. jejuni and C. coli. This temperature is used as it is the 
internal temperature of chicken. However, an incubation temperature of 37°C is more 
appropriate for the isolation and maintenance of Campylobacter spp. that are able to infect 
humans as other Campylobacter species grow poorly or not at all at 42°C (Lastovica 2006).  
 
2.5.2 Culture dependent detection methods 
Campylobacter spp. can be detected from food, environmental and faecal samples by direct 
plating with the use of selective media or by the enrichment of the culture from the sample 
when there may be a few target cells present in the sample (Williams et al. 2009). Food 
products may only have small numbers of campylobacters due to the microorganisms‟ 
sensitivity to processing procedures such as freezing, cooling, heating and salting (Jacobs-
Reitsma 2000). The enrichment procedure allows for the better recovery of Campylobacter 
spp. as factors such as pH, oxidative stress and temperature inhibits the recovery from 
complex sample types (Williams et al. 2009). Although the International Organization for 
Standardisation (ISO) protocol ISO 10272-1:2006 states that Bolton broth should be used for 
enrichment (Anon 2006), Preston and Exeter broth are also widely used for enrichment of 
cultures. Bolton (Humphrey et al. 2007; Williams et al. 2009) and Exeter broths were shown 
to yield a better recovery in food, water and environmental samples than Preston broth 
(Baylis et al. 2000; Williams et al. 2009).  
 
 The conventional methods that are used for the detection of any microorganism from 
samples include the use of media that it supports and in most cases, is specific for the growth 
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of the particular microorganism. Campylobacter, when compared to most other pathogenic 
microorganisms, does not however have a standard protocol for its detection in samples 
(Humphrey et al. 2007; Potturi-Venkata et al. 2007). There is a wide range of selective media 
that can be used for the isolation of Campylobacter and include Campylobacter agar base, 
Campylobacter, Campy-Line (CL), modified Campy-Cefex (mCC) and modified charcoal 
cefoperazone deoxycholate agar (mCCDA). A study done in 2007 by Potturi-Venkata et al. 
to evaluate these different selective media types showed that Campylobacter agar base, 
Campylobacter, mCC and mCCDA showed similar isolation rates whereas CL showed a 
lower efficacy of isolation of Campylobacter spp. from broilers reared in battery cages. 
Campylobacter spp. was also isolated more consistently in samples obtained from faeces of 
commercial live broilers with the use of mCC, while mCC and mCCDA showed similar 
isolation rates from cecal samples. CL agar showed a lower rate of identification for both 
fecal and cecal samples (Potturi-Venkata et al. 2007). CCDA is commonly used worldwide 
as well as other selective media containing antimicrobials. The selectivity in the latter is 
given by the specific antimicrobial used as different Campylobacter strains are resistant to 
specific antimicrobials (Potturi-Venkata et al. 2007). The usage of antimicrobials in media 
leads to the unsuccessful isolation of emerging campylobacters from stool and other clinical 
samples as these organisms might be susceptible to the specific type of antimicrobial being 
used in the medium (Lastovica 2006; Humphrey et al. 2007).  
 
The Cape Town Protocol allows for the efficient isolation of Campylobacter spp. from stool 
samples where the stool samples are filtered through a 0.6 μm pore size membrane filter onto 
an antibiotic-free tryptose blood agar (TBA) plate that contains 10% unlysed horse or sheep 
blood (Lastovica and le Roux 2003a; Alam et al. 2006; Lastovica 2006). An impressive 
three-fold increase in the number of Campylobacter-stools was observed after the 
implementation of the Cape Town Protocol when compared to the numbers obtained by the 
use of antibiotic-containing selective media at the Red Cross Children‟s Hospital. The Cape 
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Town protocol can be modified when blood or other clinical samples such as gastric biopsy 
sample material are to be analysed. The use of the filter paper should be eliminated in such 
cases (Alam et al. 2006; Lastovica 2006). The Cape Town Protocol is superior to the variety 
of other selective media for efficient and optimal isolation of campylobacters from stool 
samples (Lastovica and le Roux 2003a, b; Jacob et al. 2011). 
   
2.5.3 Molecular detection methods 
2.5.3.1 The Polymerase Chain Reaction (PCR) Technique 
Conventional techniques used for the detection and identification of Campylobacter species 
are laborious, time-consuming and problems of contamination are often encountered. 
Therefore, it is desired that a simple and rapid species detection and identification method be 
used particularly for the detection of Campylobacter in foods as the cells are often stressed by 
unfavourable growth conditions and may not be detected by conventional growth methods 
(Candrian 1995; Humphrey et al. 2007; Williams et al. 2009; Alonso et al. 2011). The PCR 
technique provides the answer to this need. The Polymerase Chain Reaction (PCR) technique 
is the most widely used of all molecular techniques as it is highly sensitive, specific and rapid 
for the detection of food-borne pathogens (Samosornsuk et al. 2007). It is a technique 
whereby a specific DNA fragment is amplified dramatically with the aid of primers that are 
designed to specifically bind to the template DNA and synthesize more of the target DNA in 
a reaction catalysed by a thermostable DNA polymerase in the presence of free 
deoxyribonucleoside triphosphates (dNTPs) (Harris and Griffiths 1992). 
 
Limitations to the PCR technique is that the amplified DNA may be derived from living and 
dead bacteria in a food sample (Humphrey et al. 2007; Alonso et al. 2011) as well as the 
target DNA may be repressed from amplification by the polymerase due to inhibitors that are 
inherently present in the extracted DNA sample. Blood and certain tissues have inhibitors that 
are inherent to a sample that cannot be separated from the extracted DNA sample by DNA 
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purification methods adopted by laboratories (Candrian 1995; Al-Soud and Rådström 2001). 
Heme, leukocyte DNA, immunoglobulin G (IgG) and added anticoagulants such as EDTA 
and heparin have been identified as inhibitors that are inherent to blood (Al-Soud and 
Rådström 2001). Another limitation of the technique is that a standardized protocol cannot be 
established due to the technique not being reproducible between laboratories. The technique 
may work well in the laboratory that developed the protocol but may not allow for the 
comparison of results in other laboratories following the same protocol (Humphrey et al. 
2007). 
 
 2.5.3.2 DNA fingerprinting 
The genomic „fingerprint‟ of a Campylobacter strain has the ability to distinguish different 
strains from one another and to trace the source and routes of cases and/or outbreaks (Newell 
et al. 2000; Humphrey et al. 2007). Genetic subtyping methods have enhanced sensitivity and 
discrimination and are commonly applied in epidemiological studies (Newell et al. 2000).  
 
Multilocus sequence typing (MLST) is a typing method that amplifies and sequences defined 
regions of seven moderately conserved Campylobacter housekeeping genes. Regions of loci 
with distinct sequences are assigned unique allele numbers while unique sequence types (ST) 
are assigned to each unique allelic profile (Humphrey et al. 2007; Miller et al. 2012). Data 
generated by MLST studies can also provide insight to lateral gene transfer and evolution as 
well as genotypic information for novel species that are diverse phenotypically (Miller et al. 
2012). 
 
Pulse-Field Gel Electrophoresis (PFGE) is generally accepted as one of the most 
discriminatory genotypic methods for the subtyping of Campylobacter species. The principal 
behind the method is based on macrorestriction profiling where bacterial cells are embedded 
in chromosomal-grade agarose (referred to as plugs) and lysed in situ to prevent DNA 
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shearing and the DNA is subsequently fragmented by rare-cutting enzymes. The DNA 
fragments are then separated by a special electrophoresis method (Newell et al. 2000; Ribot 
et al. 2001). The PFGE method was also used to determine the genome sizes of C. jejuni, C. 
coli, C. lari and C. fetus and to construct a genetic map of a C. jejuni strain. The 
discriminatory power of the PFGE method is excellent, however, it does present with some 
disadvantages such as (i) the time-consuming and tedious preparation of the DNA-containing 
agarose plugs, (ii) The DNase of some Campylobacter strains must be inactivated to ensure 
that the DNA does not degrade before electrophoresis. The inactivation usually requires the 
pretreatment of bacterial cells with the toxic chemical formaldehyde, (iii) The apparatus used 
for the electrophoresis is specialized and expensive, (iv) The enzymes commonly used does 
not digest the DNA of some strains, (v) The genetic instability of the bacterial cells can lead 
to minor and major changes in profiles and therefore the interpretation of the results become 
difficult (Newell et al. 2000). 
 
Amplified Fragment Length Polymorphism (AFLP) is a high resolution genotyping method 
that was originally developed for the genotyping of plants and to a lesser extent, animals (Vos 
et al. 1995; Meudt and Clarke 2007). It has also been adapted for the genotyping of bacteria 
(Duim et al. 1999; Kokotovic and On 1999; Duim et al. 2000). The powerful advantage of 
the AFLP technique is that it requires no prior knowledge of the target genome‟s sequence 
(Vos et al. 1995; Savelkoul et al. 1999; Duim et al. 2000; Messens et al. 2009). The 
technique involves the digestion of chromosomal DNA with two restriction enzymes and the 
subsequent ligation of restriction-site specific oligonucleotide adaptors. This creates a 
template for the PCR amplification by adaptor-specific primers containing one or more 
selective nucleotides, ensuring that only a subset of fragments will be amplified under 
stringent PCR conditions (Vos et al. 1995; Duim et al. 1999; On and Harrington 2000; 
Messens et al. 2009). The generated fragments are detected by a fluorescently labelled primer 
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and analyzed on gel or capillary based automated DNA sequencers (Duim et al. 2001; 
Messens et al. 2009).  
 
Newell et al. (2000) agree that AFLP and PFGE appear to provide the same level of 
discrimination. However, a comparative DNA fingerprinting study by Lindstedt et al. (2000) 
demonstrated that the AFLP technique has a better discriminatory power to PFGE as it was 
able to differentiate between strains with identical PFGE profiles (Lindstedt et al. 2000). 
Another disadvantage is that PFGE involves the use of several restriction enzymes for 
optimal discrimination while AFLP uses a single procedure. The AFLP technique is rapid and 
easily standardized and has become feasible due to the increasing availability of automated 
DNA sequencers. However, this equipment is expensive but the digitization of AFLP results 
allows accurate interpretation, ease of data storage and ready data exchange between 
laboratories (Newell et al. 2000).  
 
2.6 CONTROL OF CAMPYLOBACTER FROM THE FARM TO THE FORK 
Campylobacters are ubiquitous in the natural environment (Newell and Wagenaar 2000; 
Allos and Lastovica 2011) and it is therefore expected that animals in direct contact with the 
environment are more likely to be colonised with the organisms (Humphrey et al. 2007). It is 
for this reason that free-range chickens are more likely to be infected with Campylobacter 
from their environment than their housed counterparts (Humphrey et al. 2007; Colles et al. 
2008; Hermans et al. 2011). The majority of poultry flocks are colonized within two to four 
weeks after hatching (Hermans et al. 2011). The rest of the flock becomes colonized within 
days of the first chick being infected (van Gerwe et al. 2009) and carry high numbers of 
campylobacters in their intestinal tract (Hermans et al. 2011). They remain colonized until 
slaughter where the carcasses are readily contaminated especially during the evisceration 
stage of the slaughtering process (Reich et al. 2008). Risk assessments of Campylobacter in 
poultry meat has been developed to assist in the implementation of control strategies to 
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minimise the presence of Campylobacter throughout the poultry meat production chain 
(Nauta et al. 2009b) and it is agreed upon that the focus should be to reduce Campylobacter 
levels on broiler carcasses after the evisceration stage of production rather than to reduce the 
prevalence of Campylobacter in the environment (Rosenquist et al. 2006).  
 
Many control practises developed has been aimed at reducing the prevalence of 
Campylobacter before it is introduced or transmitted in the flocks or to reduce the intestinal 
counts which leads to the reduction of contamination levels of the carcasses after processing 
(Hermans et al. 2011).  
 
2.6.1 Biosecurity 
This is the prevention of colonisation of birds with campylobacters from outside sources. 
This is very important since the spread of campylobacter colonization through a flock may be 
rapid once it is introduced (Newell and Wagenaar 2000; Humphrey et al. 2007; Hermans et 
al. 2011). Hygiene is an important factor when entering flocks. Visits to flocks should be 
limited to essential personnel and dipping boots in disinfectant and changing it frequently has 
been shown to reduce infection rates by 50% (Humphrey et al. 2007). The entry of rodents 
and insects into the flocks should also be controlled. In two separate studies, this control has 
been shown to reduce the colonisation of flocks by 40% and 58% (van de Giessen et al. 
1998).  
 
2.6.2 Drinking water treatment 
The treatment of drinking water with organic acids has a strong bactericidal effect on 
Campylobacter species. The addition of these acids may reduce the numbers of infected 
chickens and may possibly reduce or prevent the transmission of Campylobacter through the 
flocks (Hermans et al. 2011). The addition of 0.44% lactic acid (Byrd et al. 2001) and 
monocaprin (Thormar et al. 2006) to drinking water reduces the colonization rates in chicken. 
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The chlorination of drinking water also aids in reducing the risk of Campylobacter 
colonization (Hermans et al. 2011).  
 
2.6.3 Bacteriophage treatment 
Bacteriophages, simply known as phages are viruses that specifically infect bacteria 
(Humphrey et al. 2007), which have been shown to be effective in attacking campylobacters 
and immediately reducing the numbers of already-contaminated chicken caeca by an 
approximate three logs (Wagenaar et al. 2005). Another study has shown an immediate two 
log CFU.g
-1
 reduction in caecal Campylobacter levels (El-Shibiny et al. 2009b) but 
campylobacters have the ability to establish itself to its original counts after a sudden drop. 
This indicates that phage therapy could be administered just before slaughtering to reduce 
caecal bacterial load. A study by Carvalho et al. (2010) has shown that the administration of 
phages in the feed is more effective than oral administration and that C. jejuni was not able to 
recover and re-establish itself to its original count. El-Shibiny et al. (2009b) has also shown 
that a small percentage of Campylobacter exposed to virulent phages develop phage-
resistance. Carvalho et al. (2010) was also able to isolate phage-resistant Campylobacter at a 
frequency of 13% from chicks previously exposed to phage therapy. Natural phage-resistance 
was also observed at a lower frequency. Further research on this topic is required as the 
efficacy of phages to control C. jejuni cannot be ensured.  
 
2.6.4 Competitive exclusion – Treatment with prebiotics and probiotics 
This method of control aims to prevent Campylobacter colonization by prophylactic 
administration of a cocktail of non-pathogenic gut bacteria. This approach has not yet been 
successful in the control of Campylobacter as the exact exclusion mechanism is not known 
(Humphrey et al. 2007; Hermans et al. 2011).  
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After years of research, there are still no effective, reliable and practical control measures in 
place to reduce or to completely prevent Campylobacter colonisation (Humphrey et al. 2007; 
Hermans et al. 2011). It is of outmost importance to identify the sources and routes of 
infection before control can be applied (Humphrey et al. 2007). The development of a 
reliable and effective strategy to eradicate Campylobacter from the environment will 
probably be overcome by the combination of several strategies tackling the hurdles faced 
particularly in the poultry industry (Hermans et al. 2011). It is therefore imperative that the 
transmission of infection from animals, animal products and the environment to humans be 
prevented. Awareness should be raised to adhere to basic hygiene guidelines such as the 
adequate washing of hands before and after handling pets or petting animals at animal zoos, 
animal meats and products especially products made with raw chicken for food preparation. It 
is also important to raise awareness about the necessity for the proper cooking and storage of 
foods, especially those foods from animal origin (Allos and Lastovica 2011).  
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Chapter 3 – The isolation and biochemical characterization of 
Campylobacter species from South African free range and 
commercial chicken 
 
 
3.1 ABSTRACT 
 
Campylobacter species are the most common bacteria associated with acute diarrhoea and is 
responsible for 400 to 500 million reported cases globally. It is not uncommon for 35% to 
85% of chicken flocks to be infected with campylobacters and it is because of this high 
prevalence that chicken is considered to be the primary source of Campylobacter 
contamination in the domestic setting. Therefore, a very high risk of acquiring 
campylobacteriosis is associated with the mishandling and consumption of contaminated 
chicken. The present study had isolated a total number of 156 Campylobacter isolates, of 
which 102 isolates were C. jejuni and 51 were C. coli. The speciation of 3 Campylobacter 
isolates could not be determined. It had shown that there is a high prevalence of 
Campylobacter in South African chicken. Retail chicken (n = 84) has a lower prevalence of 
27% whereas chicken sampled directly from the abattoir (n = 182), but also intended for 
human consumption, had an average prevalence of 73%. It also showed that free range 
chicken (n = 118) has a higher prevalence (average of 79%) of Campylobacter than 
commercial chicken (n = 64) (average of 56%). It is for this reason that free range chicken is 
not always the safer option considering that the purchasing of free range chicken is becoming 
more popular for health reasons. There is no standardized universal isolation protocol for 
Campylobacter species and the current isolation techniques creates a bias for the optimal 
growth of C. jejuni and C. coli, the two thermotolerant species most commonly associated 
with human illnesses. Recently, the non-selective Cape Town Protocol was designed for 
efficient isolation of campylobacters from clinical samples and proved to be superior to the 
former techniques in the isolation of the thermotolerant campylobacters as well as emerging 
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campylobacters. However, the protocol is not suited to the isolation of Campylobacter from 
food samples. This study successfully optimized the Cape Town protocol by incorporating 
the use of the selective Bolton broth for the recovery and enrichment of injured cells from 
raw chicken samples. The technique proved to be equal in isolation efficiency to the ISO 
1272-1:2006 method but loses its ability to recover all campylobacters that may be present in 
the food sample. It is for this reason that a non selective enrichment broth should be sought 
but the technique boasts superiority over the ISO 10272-1:2006 method in that it reduces the 
time in obtaining the results at least by 48 h and is more cost effective.  
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3.2 INTRODUCTION 
 
Campylobacter species are considered to be the leading bacterial causative agent of human 
gastroenteritis globally (Colles et al. 2008; Habib et al. 2012). It is responsible for 
approximately 2.5 million reported cases of gastroenteric illnesses in the US and in excess of 
340 000 cases in the UK annually while statistics show that it causes 400 to 500 million acute 
cases of diarrhoea each year, globally (Humphrey et al. 2007; Colles et al. 2008; Horrocks et 
al. 2009). It is found at a high prevalence in raw poultry carcasses, most often between 35% 
(Rosenquist et al. 2006) and 85% (Sampers et al. 2008; El-Shibiny et al. 2009; Horrocks et 
al. 2009; Ligowska et al. 2011). These prevalences suggest that the mishandling of raw 
poultry and the consumption of undercooked poultry contribute significantly to the amount of 
campylobacteriosis cases reported annually (Oyarzabal et al. 2005; Colles et al. 2008).  
 
Chickens are mainly reared on „commercial‟ farms where the chickens are housed and fed ad 
libitum. They grow rapidly and therefore reach the desired slaughter weight between 35 to 42 
days. Their counterparts, free range chicken, are given the freedom to roam outdoors (Avrain 
et al. 2003; Humphrey et al. 2007) and their feed is not supplemented with antibiotic growth 
promoters (AGPs) (Colles et al. 2008). They therefore take longer to grow and are 
slaughtered at approximately 80 days of age (Avrain et al. 2003). They are marketed as 
„healthier‟ chickens compared to their housed counterparts and as a result, free range and 
organic chicken (those chickens fed a strict organic diet) have become more popular with 
consumers for animal welfare and human health reasons (Cui et al. 2005; Colles et al. 2008). 
However, campylobacters are ubiquitous in the natural environment (Allos and Lastovica 
2011) and as a result, animals in direct contact with the environment are most likely to 
acquire the organisms. It is therefore not surprising that free range chicken are more likely to 
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be Campylobacter – positive than their housed counterparts (Humphrey et al. 2007; Colles et 
al. 2008).  
Campylobacter species are non-spore forming, fastidious microaerophilic organisms that 
grow best in an atmosphere with low oxygen levels (5% O2, 10% CO2 and 85% N2). It is for 
this reason that several selective media containing oxygen quenchers such as blood, ferrous 
iron and pyruvate have been developed. Antibiotics are used as the selective agents in liquid 
and solid media to suppress the growth of competing microorganisms (Silva et al. 2011). 
Isolation techniques of this type are labour intensive and time consuming and can take up to 
one week to obtain a result (Wisessombat et al. 2009). Isolation protocols are often optimized 
to recover the two most important Campylobacter species associated with human 
gastroenteritis, C. coli and C. jejuni and therefore dramatically reduces the recovery and 
isolation rates of all other species of Campylobacter (Lastovica 2006). It is for this reason 
that alternative, non-selective isolation techniques are sought to promote the recovery and 
isolation of all Campylobacter species in clinical and food samples.  
 
The Cape Town Protocol, developed by Le Roux and Lastovica (1998), enables the recovery 
of a wider variety of Campylobacter species. The protocol incorporates the use of a 
membrane filter which exploits the natural motility of campylobacters while simultaneously 
acting as a selective barrier against non-motile and larger motile competing organisms. 
Therefore antibiotic-free basal agar is used, eliminating the need for antibiotics that suppress 
the growth of many species (Le Roux and Lastovica 1998; Lastovica 2006; Wisessombat et 
al. 2009; Lynch et al. 2010).  
 
The aim of this study was to compare the isolation rates of Campylobacter species from free 
range and commercial retail and abattoir chicken meat in South Africa using both the Cape 
Town Protocol and the ISO standard method, ISO 10272-1:2006. 
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3.3 MATERIALS AND METHODS 
 
3.3.1 Retail sample collection and analysis 
 
3.3.1.1 Collection of samples across South Africa 
Fresh whole chicken carcasses (n = 42) and neck skin (n = 42), of which 32 were of free 
range farming origin and 10 were of a commercial farming origin for both the carcasses and 
neck skins samples, was delivered to the laboratory by a well-known retailer in South Africa. 
The carcasses were supplied to the retailer from free range and commercial farms in both the 
KwaZulu Natal (KZN) and Western Cape (WC) provinces in South Africa. From the total 
supply of chicken samples, 24 carcasses and 24 neck skins were from free range farms in the 
WC whereas six carcasses and neck skins were from commercial chicken farms in the WC. 
The rest of the samples were supplied from the KZN region; eight carcasses and neck skins 
were of free range origin and four carcasses and neck skins were of commercial farming 
origin. The chicken was kept below 10°C until it had reached the laboratory. Upon receipt, 
the chicken carcasses were refrigerated and analysed immediately or within 24 h. Each 
sample was analysed using both the Cape Town Protocol and the ISO 10272-1: 2006 method. 
 
3.3.1.2 Examination of chicken samples for Campylobacter species using the Cape 
Town Protocol 
 
Tryptose Blood Agar Base (CM0233 – Oxoid, Basingstoke, UK) supplemented with 10% 
unlysed citrated horse blood (MRC, Delft, South Africa) (hereafter wholly referred to as TBA 
plates) was used for the routine isolation and sub-culturing of Campylobacter species for the 
Cape Town Protocol. The detailed preparation procedure of the growth media plates are 
described in Appendix A. Excess moisture was removed from the TBA plates prior to use by 
drying the plates for one hour in a class two biohazardous Bio-Flow laminar flow cabinet 
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(Labotec, South Africa). All incubations for the Cape Town Protocol were carried out at 
37°C in a microaerobic atmosphere achieved by using one sachet of the BR0038 anaerobic 
gas generating kit (Oxoid, Basingstoke, UK) (used according to manufacturer‟s instructions) 
in an anaerobic jar (Oxoid, Basingstoke, UK) stacked with a maximum of 12 TBA plates.  
 
In general, a sample portion:diluent ratio of 1:10 (mass/volume) was used in the preparation 
of the sample for analysis. Whole chicken carcasses, of which 25 g of the chicken meat with 
skin (hereafter referred to as chicken meat) was aseptically removed and used for analysis, 
was rinsed with 225 ml of sterile 1 × Phosphate Buffer Saline (PBS) (Appendix B). The mass 
of each neck skin sample was determined and placed in sterile Whirl-Pak (Nasco, USA) bags. 
The neck skin samples were rinsed with nine times its volume of 1 × PBS. Each bag 
containing the chicken rinse sample was pulsified (Pulsifier
®
, Filtraflex Ltd, Almonté, 
Canada) for 30 s. Thereafter, a sterile 10 µl plastic loop (LP Italian Spa, Italy) was dipped 
into each mixture and then streaked across the surface of a fresh TBA plate. Simultaneously, 
200 µl of each respective rinse sample was placed drop-wise on the surface of a 0.65 µm 
cellulose nitrate filter (Sartorius Stedim Biotech, Germany) that was left to adhere to the 
surface of a fresh TBA plate. The filter paper was removed from the TBA plate after leaving 
it to stand for 15 min at room temperature. The plates were then incubated in a microaerobic 
atmosphere for six days while performing checks every second day for the visible 
characteristic growth of Campylobacter species.  
 
No presumptive positive isolates were obtained using this method and therefore no further 
sub-culturing for the identification of isolates were done.  
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3.3.1.3 Examination of chicken samples for Campylobacter species using an 
adaptation of the ISO10272-1: 2006 method  
 
The Microbiology of food and animal feeding stuffs – Horizontal method for detection and 
enumeration of Campylobacter spp.: Part 1 – Detection method, hereinafter referred to as the 
ISO 10272-1:2006 method (Anon 2006), was used to analyse the samples for the presence of 
Campylobacter species as a comparison to the Cape Town Protocol. The method entails 
enriching one part of the sample portion with nine parts of Bolton broth (Oxoid, Basingstoke, 
UK) (1:10 ratio sample portion:enrichment broth). This was done for 25 g of the chicken 
meat and skin that was aseptically cut from the chicken carcass as well as the neck skin 
samples, which were placed in sterile Whirl-Pak bags. The enrichment sample was pulsified 
for 30 s and incubated in a microaerobic atmosphere achieved by using a CO2 incubator with 
a 5% CO2 flow at 37°C for 4 h to 6 h and then increasing the temperature to 41.5°C for 44 h 
± 4 h. A 10 µl loopful of the culture was then streaked across a fresh modified charcoal 
cefoperazone deoxycholate agar (mCCDA) (Oxoid, Basingstoke, UK) plate and incubated at 
41.5°C in a microaerobic atmosphere for 44 h ± 4 h. The ISO 10272-1:2006 method was 
adapted by not using a second solid selective medium as the non-selective TBA plate was 
used in the Cape Town Protocol as a comparison to the ISO 10272-1:2006 method. 
 
Colonies exhibiting typical Campylobacter morphology on mCCDA were selected and sub-
cultured on Columbia blood agar (CBA) (Oxoid, Basingstoke, UK) (detailed preparation 
procedure outlined in Appendix A) and incubated microaerobically for 44 h ± 4 h at 41.5°C. 
A Gram stain, motility, oxidase (Merck, South Africa), catalase, hippurate (Sigma Aldrich, 
Germany), indoxyl acetate (Sigma Aldrich, Germany) and L-ALA (Sigma Aldrich, Germany) 
tests were performed on presumptive positive colonies (where applicable, all test procedures 
were performed according to manufacturers protocol). The selected presumptive positive 
colonies were also sub-cultured on two CBA plates and were subjected to aerobic growth at 
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41.5°C and microaerobic growth at 25°C respectively. The antibiotic sensitivity to nalidixic 
acid (30 µg disc; Oxoid, Basingstoke, UK) and cephalothin (30 µg disc; Oxoid, Basingstoke, 
UK) were performed on each presumptive positive colony.  
 
3.3.2 Collection and analysis of abattoir samples 
Free range (a total of 30 chicken legs and 28 neck skins was obtained in three different 
batches each at different time intervals) and one batch of commercial samples (chicken legs, 
n = 32) were obtained directly from the supplier(s) after the completion of the slaughtering 
process. All the samples supplied were from farms in the Western Cape province. The 
samples were kept below 10°C while in transit. Upon reaching the laboratory, the samples 
were refrigerated and processed for analysis immediately or within 24 h. These samples were 
also analysed using both the Cape Town Protocol and the above-mentioned adapted ISO 
10272-1:2006 method; however, the Cape Town protocol was adapted in a method outlined 
below.  
 
 3.3.2.1 Analysis of chicken samples 
The chicken meat with skin (25 g) were aseptically removed from the leg bone and placed in 
sterile Whirl-Pak bags. The mass of the neck skin samples were determined and also placed 
in sterile Whirl-Pak bags. The Bolton broth (225 ml) was added to the chicken meat samples 
and the 1:10 sample portion:enrichment broth (mass/volume) ratio was followed for the 
addition of Bolton broth to the neck skin samples. All samples were pulsified for 30 s and 
incubated without closing the Whirl-Pak bags in the CO2 incubator with a 5% CO2 flow at 
37°C for 4 h to 6 h and thereafter increasing the temperature to 41.5°C for 44 h ± 4 h.  
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3.3.2.1.1 Further analysis of chicken samples for the detection of Campylobacter 
species using an adapted Cape Town Protocol 
 
Initially, the efficacy of two different types of filter paper was tested with the first batch of 
samples. The filter paper used were the Schleicher and Schuell (S&S) 0.6 µm mixed cellulose 
ester (MCE) filter paper made from cellulose acetate and cellulose nitrate and has a smoother, 
more uniform surface with high porosity (Schleicher and Schuell, Germany, now owned by 
Whatman, London) than the Sartorius Stedim Biotech 0.65 µm cellulose nitrate (CN) filter 
paper used (Sartorius Stedim Biotech, Germany), which, as the name implies, is made only of 
cellulose nitrate and has a narrow distribution of pores. 
 
The two different types of filters were aseptically cut in half and one half of each type was 
aseptically placed and left to adhere to the surface of a fresh TBA plate for 5 min. The culture 
of each sample obtained from 3.3.2.1 above (200 µl) was placed drop-wise on the surface of 
the filter paper and left to stand at room temperature for 15 min. The filter paper was then 
aseptically removed and discarded. The plates were incubated in a microaerobic atmosphere 
generated in the anaerobic jars with the use of the anaerobic gas generating kit at 37°C. The 
plates were incubated up to six days, while checking for characteristic Campylobacter growth 
and replacing the gas sachet every second day.  
 
Presumptive positive colonies were selected and each colony was sub-cultured on two fresh 
TBA plates to yield enough growth to perform biochemical tests for confirmation of identity. 
Gram stains, motility, oxidase (Merck, South Africa), catalase, hippurate (Sigma Aldrich, 
Germany), indoxyl acetate (Sigma Aldrich, Germany) and L-ALA (Sigma Aldrich, Germany) 
tests were performed on presumptive positive colonies (where applicable, all tests were 
performed according to manufacturer‟s instructions). The isolates were also sub-cultured on 
two TBA plates and were subjected to aerobic growth at 37°C and microaerobic growth at 
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25°C respectively. The antibiotic sensitivity to nalidixic acid (30 µg disc; Oxoid, 
Basingstoke) and cephalothin (30 µg disc; Oxoid, Basingstoke) were performed on each 
presumptive positive colony.  
 
3.3.2.1.2 Further analysis of chicken samples for the detection of Campylobacter 
species using the adapted ISO 10272-1:2006 method.  
 
The cultures obtained from 3.3.2.1 above were further analysed using the adapted ISO 10272-
1:2006 method as outlined in 3.3.1.3 above.  
 
The efficiency of the protocols was calculated based on the number of positive samples from 
the total number of samples (Figures 3.4 and 3.5). 
 
3.3.3 Further confirmation of isolates using the polymerase chain reaction (PCR) 
The polymerase chain reaction (PCR) technique was employed to further confirm the identity 
of the isolates subsequent to the biochemical identification and characterization of the isolates 
as belonging to the genus Campylobacter.  
 
3.3.3.1 Genomic DNA extraction from reference strains 
The DNA of reference strains of species belonging to the genus Campylobacter and 
foodborne pathogens not belonging to the genus were used to validate that the primers used 
in the PCR reaction solely amplified the Campylobacter 16S rRNA gene.  
 
The reference cultures C. jejuni subsp. jejuni biotype 1 (216.09 BC), C. jejuni (GSH 
5953887), C. concisus (197.97), Arcobacter butzleri (Dsp 1520) and Helicobacter pylori 
(Z29 HpCa24) were revitalized from Microbank™ beads (Pro-lab Diagnostics, USA) by 
aseptically transferring 2-4 beads of each respective vial into 300 µl Luria Bertani (LB) broth 
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(Appendix A). It was then allowed to shake at 100 rpm in a G24 Environmental Shaker 
Incubator (New Brunswick Scientific Co. Inc., USA) at 37°C for 10 min to displace the 
culture from the porous beads. The LB broths of the respective cultures were then placed 
drop wise onto the surface of a TBA plate. The beads were also placed on the plate and the 
closed petri dish was incubated at room temperature for 30 min to allow the LB broth on the 
agar surface to dry. The plates were then inverted and incubated in a microaerobic 
atmosphere achieved by placing the plates in an anaerobic jar with 1 sachet of anaerobic gas 
generating kit. The plates were examined at 48 h intervals for characteristic Campylobacter 
growth for up to 6 days, replacing the gas sachet at each interval. Subculturing, to obtain pure 
colonies was done after the appearance of characteristic Campylobacter colonies and grown 
in a microaerobic atmosphere to obtain sufficient growth for the DNA isolation procedure. 
 
Listeria monocytogenes (1/2b) CIP 105.448, Staphylococcus aureus (MRSA) ATCC
®
 
33591™ and Salmonella spp. were used as negative bacterial controls in the PCR 
experiment. Viable strains were obtained from fellow researchers in the laboratory and sub-
cultured on Tryptic Soy Agar (TSA) (Merck, South Africa). This was then incubated 
overnight at 37°C. A single colony of each respective bacterial strain was then aseptically 
inoculated into nine milliliters sterile Tryptic Soy Broth (TSB) (Merck, South Africa). Turbid 
growth of pure strains of the Gram positive bacteria was obtained for DNA extraction by 
allowing the cultures to grow with gentle shaking (75 rpm) at 37°C for 16 h.  
 
The Qiagen DNeasy
®
 Blood and Tissue Kit was used to extract DNA from all reference 
strains. The DNA of the reference cultures C. jejuni subsp. jejuni biotype 1 (216.09 BC), C. 
jejuni (GSH 5953887), C. concisus (197.97), A. butzleri (Dsp 1520), H. pylori (Z29 HpCa24) 
and Salmonella spp. were extracted following the manufacturers protocol for Gram negative 
bacteria while the DNA of L. monocytogenes (1/2b) CIP 105.448 and Staph. aureus (MRSA) 
ATCC
®
 33591™  was extracted following the manufacturers protocol for Gram positive 
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bacteria. All buffers and reagents besides the enzymatic lysis buffer used in the extraction of 
Gram positive bacteria protocol, was supplied by the manufacturer. All vortexing was done at 
the highest setting for 15 s.  
 
Briefly, 20 µl of each Gram negative bacterial culture was removed from the agar plate using 
a 10 µl loop and washed by resuspending the respective cultures in two milliliters sterile 
distilled water and then centrifuged in a Spectrafuge (Labnet, USA) for 10 min at 15 000 × g. 
The supernatant was discarded and the pellet was resuspended in 180 µl Buffer ATL. 
Proteinase K (20 µl of 20mg.ml
-1
) was added and mixed thoroughly by vortexing. It was 
incubated at 56°C for 1 h until the bacteria were completely lysed. The mixture was then 
vortexed and 200 µl of Buffer AL was added. This mixture was vortexed again and 200 µl of 
100% ethanol (Kimix, Cape Town, South Africa) was added and then mixed by vortexing 
again.  
 
The mixture was transferred into the DNeasy mini spin column that was placed in a 
collection tube and centrifuged at 6 000 × g for 1 min. The flow-through in the collection 
tube was discarded and the DNeasy mini spin column was placed in a new collection tube. 
Buffer AW1 (500 µl) was added to the DNeasy mini spin column and centrifuged at 6 000 × 
g for 1 min. The flow-through in the collection tube was discarded and the DNeasy mini spin 
column was placed in a new collection tube. Buffer AW2 (500 µl) was added to the DNeasy 
mini spin column and centrifuged for 5 min at 15 000 × g. The flow-through in the collection 
tube was discarded. The DNeasy mini spin column was placed in a clean 2 ml 
microcentrifuge tube and 200 µl Buffer AE was placed directly onto the DNeasy membrane. 
This was incubated at room temperature for 1 min and centrifuged for 1 min at 6 000 × g to 
elute the DNA from the column.  
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The turbid growth of Gram positive bacteria (2 ml) was centrifuged at 15 000 × g and the 
supernatant was discarded. The bacterial pellet was resuspended in 180 µl enzymatic lysis 
buffer (prepared according to the protocol listed in the Qiagen manual) and incubated at 37°C 
for 30 min. Proteinase K (25 µl of 20mg.ml
-1
) and 200 µl Buffer AL was added and mixed by 
vortexing. This was incubated for 30 min at 56°C. Thereafter, 200 µl 100% ethanol was 
added to the sample and mixed thoroughly by vortexing.  
 
The mixture was transferred into the DNeasy mini spin column that was placed in a 
collection tube and centrifuged at 6 000 × g for 1 min. The flow-through in the collection 
tube was discarded and the DNeasy mini spin column was placed in a new collection tube. 
Buffer AW1 (500 µl) was added to the DNeasy mini spin column and centrifuged at 6 000 × 
g for 1 min. The flow-through in the collection tube was discarded and the DNeasy mini spin 
column was placed in a new collection tube. Buffer AW2 (500 µl) was added to the DNeasy 
mini spin column and centrifuged for 5 min at 15 000 × g. The flow-through in the collection 
tube was discarded. The DNeasy mini spin column was placed in a clean 2 ml 
microcentrifuge tube and 200 µl Buffer AE was placed directly onto the DNeasy membrane. 
This was incubated at room temperature for 1 min and centrifuged for 1 min at 6 000 × g to 
elute the DNA from the column.  
 
3.3.3.2 Genomic DNA extraction from Campylobacter isolates 
 
The detailed preparation of all buffers and chemicals used in the extraction of the genomic 
DNA is listed in Appendix B. All mixing by use of the vortex was done at the highest setting 
for 15 s. All centrifugation steps were done at 15 000 × g for 5 min.  
 
The genomic DNA of the isolates was extracted using an adaptation of the miniprep of 
bacterial genomic DNA protocol (Wilson 1994). The bacterial isolates were sub-cultured on a 
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fresh CBA (for Campylobacter isolates that were isolated using the adapted ISO 10272-
1:2006 method) or TBA plate (for Campylobacter isolates that were isolated using the 
adapted Cape Town Protocol) and incubated for 48 h in a microaerobic atmosphere. The 
resulting bacterial growth (10-20 µl) was removed from the plate using a sterile 10 µl plastic 
loop and completely resuspended in 567 µl TE buffer by repeated pipetting. Thereafter, 30 µl 
of 10% sodium dodecyl sulfate (SDS) (Merck, South Africa) and 3 µl of 20 mg.ml
-1
 
proteinase K (Roche Diagnostics, South Africa) to give a final concentration of 100 µg.ml
-1
 
proteinase K in 0.5% SDS. The mixture was thoroughly mixed by vortexing and placed in a 
Scientific Series 9000 incubator (Lasec, South Africa) at 37°C for 1 h or overnight (~16 h). 
Thereafter, 100 µl of 5 M NaCl (Merck, South Africa) was added to give a final 
concentration of 0.7 M and mixed thoroughly by vortexing. The CTAB/NaCl solution (80 µl) 
(preheated in a waterbath at 65°C for 15 – 30 min) was added and thoroughly mixed by 
vortexing and incubated at 65°C for 10 min.  
 
An approximate equal volume (700 µl to 800 µl) of 24:1 chloroform:isoamyl alcohol (Merck, 
South Africa) was subsequently added, mixed thoroughly by vortexing and then centrifuged. 
The aqueous viscous supernatant was transferred to a fresh microcentrifuge tube and an equal 
volume of 25:24:1 phenol:chloroform:isoamyl alcohol (Merck, South Africa) was added. The 
mixture was vortexed and then centrifuged. The resulting supernatant was transferred to a 
fresh microcentrifuge tube and 0.6 volume (of the volume transferred) isopropanol (Merck, 
South Africa) was added to precipitate the nucleic acids. The microcentrifuge tubes were 
shaken back and forth until the stringy white DNA precipitate became visible and then 
centrifuged. The liquid mixture in the tube was carefully poured off. The DNA was then 
washed with 200 µl 70% ice cold ethanol (Kimix, Cape Town, South Africa) and 
subsequently centrifuged. The ethanol was then carefully poured off and the DNA pellet was 
air-dried by placing it in a class two Bio-Flow laminar flow for 1 h or until all residual 
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ethanol has evaporated. The pellet was dissolved in 100 µl TE buffer in a refrigerator 
overnight. 
 
 The concentration of the DNA (ng.µl
-1
) was determined using the NanoDrop
®
 ND-1000 
(Thermo Scientific, USA) and all DNA samples were diluted to ~50 ng.µl
-1
 with TE buffer 
for use in the PCR reaction. 
 
3.3.3.2 The PCR method 
 
The primers (Table 3.1) used to amplify the 16S rRNA gene of the reference strains and 
Campylobacter isolates were previously published by Linton et al. (1996) while the internal 
amplification control (IAC) amplicon was designed by Inglis and Kalischuk (2003). The 
forward (C412F) and reverse (C1228R) primers amplified an 816 bp product (Linton et al. 
1996) while the forward (C412F) and mutagenic reverse (C1228RIC) primers amplified a 
475 bp product. The latter primers produced a product that was used as an internal control in 
each reaction (Inglis and Kalischuk 2003). All primers used in this study were synthesized by 
Integrated DNA Technologies (IDT, Whitehead Scientific, South Africa). 
 
Table 3.1 Primer sequences for the amplification of bacteria of the genus Campylobacter  
PCR target 
gene 
Primer Sequence (5‟ to 3‟) Amplicon  
(bp) 
Reference 
16S rRNA C412F GGATGACACTTTTCGGAGC 
816 Linton et al. 1996 
16S rRNA C1228R CATTGTAGCACGTGTGTC 
IAC C412F GGATGACACTTTTCGGAGC 
475 Inglis & Kalischuk 2003 
IAC C1228RIC TCCCCAGGCGGTACACTTAATG 
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The PCR conditions were optimized from Inglis and Kalischuk (2003). The mixture consisted 
of a total volume of 20 µl containing 1× PCR reaction buffer (Bioline, UK), 1.5 mM MgCl2 
(Bioline, UK), 0.075 mM dNTPs (KapaBiosystems, South Africa), 0.2 µM forward and 
reverse primer, 0.1 µM mutagenic reverse primer, 0.5 µl BioTaq (Bioline, UK) and 50 ng 
DNA. The mixture was supplemented with sterile distilled water to the final volume.  
 
The PCR was performed in the MJ Mini Cycler (Bio-Rad, South Africa). The cycling 
parameters for DNA amplification were 1 cycle of initial denaturation at 95°C for 2 min;  25 
cycles of denaturation at 94°C for 30 s, 30 s at the annealing temperature of 55°C and a 30 s 
extension at 72°C; with a final extension of 2 min at 72°C. The PCR products (5 µl) were 
electrophoresed in a 1.5% Tris-acetic acid-EDTA- (TAE) - agarose gel (Lonza, Switzerland) 
at 70 V for 90 min. The products were sized using the 100 bp ladder (Promega, USA).  
 
The products were visualized by post staining the gel in 3 × GelRed (Biotium, USA) for 1 h 
and viewed under UV light.  
 
3.4 RESULTS 
 
3.4.1 The Campylobacter isolation analysis of retail free range and commercial chicken 
carcasses and neck skins from the Western Cape and KwaZulu Natal provinces. 
 
Please refer to the results on the next page. 
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Fig. 3.1 Group analysis of retail chicken: Campylobacter positive chicken samples in the (a) 
combined free range and commercial samples, (b) Western Cape and (c) KwaZulu Natal 
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3.4.2 Campylobacter isolation analysis of free range and commercial abattoir samples 
using the Cape Town (CPT) Protocol and the ISO 10272-1:2006 methods 
 
 
Fig. 3.2 The numbers of Campylobacter positive free range chicken in batches of abattoir 
samples using both the Cape Town Protocol and the ISO 10272-1:2006 method 
 
 
Fig. 3.3 The numbers of Campylobacter positive commercial abattoir samples using both the 
Cape Town Protocol and the ISO 10272-1:2006 method 
CPT Protocol vs. ISO 10272-1:2006 method: Campylobacter 
positive free range abattoir samples 
CPT Protocol vs. ISO 10272-1:2006 method: Campylobacter positive 
commercial abattoir samples 
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3.4.3 The comparison efficiency in isolation of Campylobacter between the two Cape 
Town Protocols and the adapted ISO 10272-1:2006 methods. 
 
Fig. 3.4 The efficiency of the Cape Town Protocol and adapted ISO 10272-1:2006 method in 
isolating Campylobacter species 
 
 
Fig. 3.5 The efficiency of the adapted Cape Town Protocol and adapted ISO 10272-1:2006 
method in isolating Campylobacter species 
Efficiency of Campylobacter isolation techniques: Retail samples 
2
7
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3.4.4 Comparison of Campylobacter positive chicken in retail and abattoir samples 
 
Fig 3.6 Campylobacter positive chicken in combined (free range and commercial) retail and 
abattoir samples 
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3.4.5 PCR confirmation of bacterial isolates as belonging to the genus Campylobacter 
3.4.5.1 Amplification of reference strains DNA using the Campylobacter-specific 16S 
rRNA primers  
 
 
 
 
 
 
 
 
Fig 3.7 Electrophoretogram of reference strains confirming the fidelity of the primers for 
Campylobacter species only; Lanes (M) 100 bp ladder, (1) C. jejuni subsp. jejuni biotype 1 
(216.09 BC), (2) C. jejuni (GSH 5953887), (3) C. concisus (197.97), (4) A. butzleri (Dsp 
1520),  (5) H. pylori (Z29 HpCa24), (6) L. monocytogenes (½ b), (7) Salmonella spp., (8) 
Staph. aureus (MRSA) ATCC
®
 33591™, (9) Negative water control  
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.8 Electrophoretogram depicting PCR products obtained before optimization of the 
PCR
M   1    2   3    4   5    6    7   8   9 
M      1      2      3       4       5      6       7      8      9     10    11    12    13    14    15    16 
816 bp 
 475 bp 
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3.4.5.2 Amplification of bacterial isolate’s DNA using the Campylobacter-specific 16S rRNA primers to further confirm its identity as belonging to the 
genus Campylobacter 
 
 
 
 
 
 
 
 
 
 
Fig. 3.9 Electrophoretogram confirming the identity of Campylobacter isolates from abattoir free range chicken origin. Lanes (M) 100 bp ladder, (1) Positive control C. jejuni 
subsp. jejuni 216.09 BC, (2) L1b, (3) L2b, (4) L3b, (5) L4b, (6) L5b, (7) L6b, (8) L7b, (9) L8b, (10) L9b, (11) L10b, (12) L15a, (13) L18a, (14) L31a, (15) L32a, (16) L33a, 
(17) L34a, (18) L35a, (19) L36a, (20) L37a, (21) L38a, (22) L39a, (23) L40a, (24) Negative water control, (25) NS1b, (26) NS2b, (27) NS3b, (28) NS4b, (29) NS5b, (30) 
NS6b, (31) NS7b, (32) NS8b, (33) NS9b, (34) NS10b, (35) NS11b, (36) NS22a, (37) NS23a, (38) NS24a, (39) NS25a, (40) NS26a, (41) NS27a, (42) NS28a, (43) NS29a, (44) 
NS30a, (45) NS31a, (46) NS32a, (47) NS33a, (48) NS34a, (49) NS35a  
 
Refer to Table 3.2 for the corresponding Campylobacter species assignment of the respective strain codes in the above electrophoretogram. 
M    1    2    3     4    5    6    7    8    9    10  11  12  13  14  15  16  17  18   19  20  21  22  23  24    25   26  27  28  29   30  31  32  33  34   35  36  37   38  39  40  41  42   43  44  45   46  47  48   49  
816 bp 
475 bp 
816 bp 
475 bp 
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Table 3.2 Campylobacter species assignments for strain codes used in Figure 3.8 
L1b C. coli L15a C. jejuni L39a C. jejuni NS9b C. jejuni NS29a C. jejuni 
 
L2b C. coli L18a C. jejuni L40a C. jejuni NS10b C. jejuni NS30a C. jejuni 
L3b C. coli L31a C. jejuni NS1b C. coli NS11b C. jejuni NS31a C. jejuni 
L4b C. coli L32a C. jejuni NS2b  C. coli NS22a C. jejuni NS32a C. jejuni 
L5b C. coli L33a C. jejuni NS3b  C. coli NS23a C. jejuni NS33a C. jejuni 
L6b C. coli L34a C. jejuni NS4b  C. coli NS24a C. jejuni NS34a C. jejuni 
L7b C. coli L35a C. jejuni NS5b  C. coli NS25a C. jejuni NS35a C. jejuni 
L8b C. coli L36a C. jejuni NS6b C. jejuni NS26a C. jejuni  
L9b C. coli L37a C. jejuni NS7b C. jejuni NS27a C. jejuni  
L10b C. coli L38a C. jejuni NS8b C. jejuni NS28a C. jejuni  
 
 
 
 
 
 
 
 
 
Fig. 3.10 Electrophoretogram confirming the identity of the Campylobacter isolates of abattoir 
commercial farming origin. Lanes (M) 100 bp ladder, (1) Positive control C. jejuni subsp. jejuni 216.09 
BC, (2) S1a, (3) S2a, (4) S3a, (5) S4a, (6) S5a, (7) S11a, (8) CF6b, (9) CF7b, (10) CF8b, (11) CF9b, 
(12) CF11b, (13) CF12b, (14) T1a, (15) T3a, (16) T12a, (17) R11a woBB, (18) R2b, (19) R8b, (20) 
R9b, (21) T1b, (22) T3b, (23) S1b and (24) S3b 
 
Refer to Table 3.3 for Campylobacter species assignment of the respective strain codes in the above 
electrophoretogram. 
 
 
M     1     2      3    4      5     6     7     8     9    10   11   12  13   14   15   16   17   18   19   20   21   22   23   24 
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Table 3.3 Campylobacter species assignments for strain codes used in Figure 3.9 
S1a  C. coli S11a  C. jejuni CF11b C. jejuni R11woBB 
 C. jejuni 
T3b C. jejuni 
S2a  C. jejuni CF6b C. jejuni 
subsp. jejuni 2 
CF12b C. jejuni R2b C. jejuni S1b C. jejuni 
S3a  C. jejuni CF7b  C. jejuni T1a  C. jejuni R8b C. jejuni S3b C. jejuni 
S4a  C. jejuni CF8b  C. jejuni T3a  C. jejuni R9b C. jejuni  
S5a  C. jejuni CF9b  C. jejuni T12a C. jejuni T1b C. jejuni  
 
 
 
3.5 DISCUSSION 
 
The total number of Campylobacter species isolated in this study using both the Cape Town 
Protocol and the ISO10272-1:2006 method was 156, of which 102 isolates were C. jejuni and 
51 were C. coli. The speciation of 3 Campylobacter isolates could not be determined. 
 
3.5.1 The Campylobacter isolation analysis of retail free range and commercial chicken 
carcasses and neck skins from the Western Cape and KwaZulu Natal provinces. 
 
The Cape Town Protocol was designed for the efficient isolation of Campylobacter from 
clinical samples (Le Roux and Lastovica 1998; Lastovica and Le Roux 2003; Lastovica 
2006). Jacob et al. (2011) reported that this protocol was also a useful technique for the 
isolation of Campylobacter from food products. The protocol relies on the natural motility 
ability of Campylobacter organisms to pass through a 0.6 µm membrane filter (Le Roux and 
Lastovica 1998; Silva et al. 2011) and therefore eliminates the need for chemical selective 
agents such as antibiotics as those used in the ISO 10272-1:2006 method (Anon 2006; Silva 
et al. 2011).   
 
In this study, the Cape Town Protocol was not successful in isolating any Campylobacter 
species from the same chicken carcasses and neck skin samples from which Campylobacter 
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was isolated using the ISO 10272-1:2006 method (Figure 3.4). This was not in agreement 
with Jacob et al. (2011) and could be attributed to the very low numbers of campylobacters 
that may be present on the raw chicken meat or cells that are damaged due to exposure to 
harsh processing or environmental (packaging) conditions that the chickens undergo from the 
abattoir to the retail level (Lynch et al. 2010). There must be at least 900 bacterial cells 
present on the filter in order for one cell to pass through to the TBA plate and form a single 
colony (A.J. Lastovica, personal communication). If it is suspected that low numbers of 
bacterial cells or damaged cells are present in a sample type, a portion of the sample would 
have to be incubated with an enrichment broth that will allow for the recovery and 
multiplication of Campylobacter cells (Lynch et al. 2010).  
 
Figure 3.1 shows the analysis of Campylobacter species in retail chicken. All the isolates 
from the retail chicken samples were obtained using the ISO 10272-1:2006 method. 
Campylobacter species were present in 34% (22/64) of free range chicken samples while 
present at a much lower number (5%, 1/20) in commercial chicken samples. The overall 
prevalence of Campylobacter in retail poultry was 27% (23/84) (Figure 3.1a). Samples 
obtained from the Western Cape province contributed significantly to the total prevalence of 
Campylobacter in South African retail poultry. This is due to the fact that the majority of the 
samples originated from this province. The prevalence in free range carcasses were 25% 
(6/24) while 50% of the free range neck skin samples were positive for Campylobacter. No 
commercial chicken samples were positive for the presence of Campylobacter, however, only 
six commercial samples were tested (Figure 3.1b). For a better comparison between free 
range and commercial chicken, future studies should include more retail samples of 
commercial farming origin. In the KwaZulu Natal province, 25% (2/8) of free range 
carcasses and neck skins were positive for Campylobacter while only 1/4 (25%) of 
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commercial neck skin samples were positive. No commercial carcasses were positive for the 
presence of Campylobacter species (Figure 3.1c).  
 
3.5.2 Campylobacter isolation analysis of free range and commercial abattoir samples 
using the Cape Town (CPT) Protocol and the ISO 10272-1:2006 methods 
 
The chicken samples received directly from the abattoir was also intended for sale at the 
retail level but for simplicity in the analysis of results, these samples were not combined with 
the previously described retail samples as these samples originated only from the Western 
Cape and was received entirely in the spring and summer months of the year. These samples 
were also analysed using the adapted CPT Protocol and adapted ISO 10272-1:2006 methods 
described.  
 
Three batches of free range samples were received (Figure 3.2). In batch one, 100% (15/15) 
of samples were positive for Campylobacter using the adapted CPT Protocol while 87% 
(13/15) were positive using the ISO 10272-1:2006 method. In batch two, 41% (7/17) of 
samples were positive using the adapted CPT Protocol while 53% (9/17) were positive using 
the ISO 10272-1:2006 method. In batch three, both analysis protocols showed that 96% 
(26/27) of samples were positive for Campylobacter species. 
 
Four different commercial farms within the Western Cape region supplied 12 chicken leg 
samples each while one farm supplied three chicken leg samples. From the total number of 
commercial samples received, only 32/51 were analysed for the presence of Campylobacter 
species. The prevalence of Campylobacter in commercial chicken was 53% (17/32) using the 
adapted CPT Protocol and 59% (19/32) using the ISO 10272-1:2006 method (Figure 3.3). 
The prevalence of Campylobacter in the abattoir samples, including both the free range and 
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commercial samples, was 71% using the adapted CPT Protocol and 74% using the ISO 
10272-1:2006 method (Figure 3.5). 
 
The two isolation protocols used differed by 3% in its isolation efficiency. The CPT Protocol 
differed by not detecting campylobacters in only 2 samples in the second free range batch and 
the commercial chicken sample batch. It had shown superiority to the ISO 10272-1:2006 
method where it had a 100% prevalence in the first free range batch of chicken samples. The 
isolation rate is very high for all samples (71% and 74%) and these prevalence are in 
agreement with previous studies where it showed up to 85% of chickens intended for human 
consumption are Campylobacter positive (Sampers et al. 2008; El-Shibiny et al. 2009a; 
Horrocks et al. 2009; Ligowska et al. 2011). This high prevalence are definitely a high risk 
for contracting campylobacteriosis if contaminated meat is mishandled or consumed when 
undercooked.  
 
The use of the original Cape Town Protocol and the adapted Cape Town Protocol (Figures 
3.4 and 3.5) in this study has confirmed the hypothesis that the numbers of Campylobacter in 
food samples are low and that cells may be injured. The use of Bolton broth was an efficient 
tool for the recovery and enrichment of campylobacters in food samples as shown by the 
results obtained where no campylobacters were isolated using the original protocol and the 
high prevalence obtained when using Bolton broth. This comparison shows that the adapted 
CPT Protocol can be implemented as an alternative to the ISO 10272-1:2006 method. The 
advantage that it boasts, is that the time taken to obtain results are reduced by at least 48 h 
and it is more cost effective than the inclusion of chemical selective agents as in the ISO 
10272-1:2006 method. However, a disadvantage of using Bolton broth is that it contains 
antibiotics that suppresses the growth of the more fastidious emerging Campylobacter species 
(Lastovica 2006; Lynch et al. 2011) and enhances the recovery of the thermotolerant 
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Campylobacter species; C. coli, C. jejuni, C. lari and C. upsaliensis (Anon 2006). It is for 
this reason, that a non-selective enrichment broth for the efficient recovery of all 
Campylobacter species from food samples be sought.  
 
The differences in isolation between the CPT Protocol and the ISO 10272-1:2006 method 
could possibly be attributed to the type of filter used. The CPT Protocol recommends the use 
of the mixed cellulose ester membrane filter which is more suited to microbiological 
applications such as isolation and enumeration of microorganisms. The filter efficiency test 
has also shown that this type of filter had an added advantage\ to the nitrocellulose filter used 
as the flow-through obtained using the mixed cellulose ester membrane filter was much more 
than the nitrocellulose filters (data not shown). It can be noted that Campylobacter was 
isolated in 100% of the chicken samples analysed with the use of the mixed cellulose ester 
filter as compared with the 87% isolation rate with the ISO 10272-1:2006 method analysing 
the same samples (Figure 3.2). The nitrocellulose filter was used for the rest of the study 
because the supply of the mixed cellulose ester into South Africa was discontinued and the 
specialized importing of the filter would not have been cost effective. It has now been 
determined that the mixed cellulose ester filter is once again being supplied in South Africa.  
 
The lower prevalence obtained in the retail chicken samples (Figure 3.1 a, b and c) compared 
to the abattoir samples (Figure 3.5) could be explained by the seasons in which the samples 
were supplied. The retail samples were supplied in the cooler months of the year (April to 
July) while the abattoir samples were supplied in the spring and summer months of the year. 
The prevalence of Campylobacter in chicken has been reported to be lower in the winter 
months of the year whereas the prevalence increases in the summer months (Humphrey et al. 
2007).  
3.5.3 PCR confirmation of Campylobacter isolates 
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The presumptive positive isolates were initially confirmed to belong to the genus 
Campylobacter by performing biochemical tests as outlined in the CPT Protocol and the ISO 
10272-1:2006 method (data not shown). The PCR was performed as a further confirmation of 
the assignment of the isolates to the genus Campylobacter. The primer pair was genus 
specific and amplified the 16S rRNA gene of Campylobacter. It could not discriminate 
between the different species of the Campylobacter isolates.  
 
Upon selection, the primers were confirmed to be selective solely for the amplification of 
isolates belonging to the genus Campylobacter by performing a BLASTn search on the NCBI 
website. The primers showed 100% homology to species within the genus Campylobacter 
(data not shown). Furthermore, reference strains of Campylobacter species and other 
pathogenic foodborne bacteria were amplified by the primers (Fig. 3.6). The primers showed 
that it only amplified the Campylobacter reference strains while the closely related 
Arcobacter butzleri and Helicobacter pylori strains were not amplified. The primers could 
also not detect the methicillin resistant Staphylococcus aureus, Salmonella spp and Listeria 
monocytogenes strains used as a negative control.  
 
Figure 3.7 refers to the amplification of the DNA belonging to Campylobacter reference 
strains and isolates obtained in the present study. This amplification was performed strictly 
according to the PCR conditions and amplification parameters as specified by Inglis and 
Kalischuk (2003). Four non-specific amplicon bands were obtained. Thereafter, a series of 
optimization reactions were carried out, including the titration of the MgCl2 concentrations, 
performing a gradient PCR of the annealing temperature, altering the lengths of the 
denaturation, annealing and extension steps in the PCR cycling parameters as well as 
performing titrations of all other reagents used in the PCR. Different amplification kits were 
also purchased from leading companies (KapaBiosystems, South Africa and Qiagen, GmbH, 
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Germany). Throughout the optimization process, the 816 bp and 475 bp IAC amplicons were 
always obtained but together with the different optimizations conditions, different sizes of 
non specific bands were obtained concurrently. The best that the PCR could be optimized is 
shown in Figures 3.6, 3.8 and 3.9. The nonspecific bands were sent for sequencing and a 
BLASTn search was performed once again. Both the non-specific bands (~1400 bp and ~700 
bp) in Figure 3.6 was shown to belong to Campylobacter and therefore it can be deduced that 
the primers amplified these different regions in the 16S rRNA gene in addition to the target 
regions.  
 
The 816 bp and 475 bp amplicons were also sent for sequencing and was confirmed to belong 
to species of the genus Campylobacter. Therefore, the isolates obtained were further 
confirmed by PCR analysis to belong to the genus Campylobacter (Figures 3.8 and 3.9). 
 
3.6 CONCLUSION 
 
Campylobacter species are most commonly associated with chicken and chicken is therefore 
said to be the primary reservoir of the pathogen. It is present in chicken flocks across the 
globe at high prevalence levels. To the best of my knowledge, this present study was the first 
of its kind to be undertaken where the prevalence of Campylobacter in South African broiler 
chickens were determined on a large scale. In addition, this study determined the prevalence 
levels of Campylobacter in free range chicken and commercial chicken concurrently where 
separate studies of the differently reared chicken have dominated across the globe. The study 
showed that there is a high prevalence of Campylobacter species in South African chicken 
and that the most common species is C. jejuni. These high prevalence are indicative of a high 
risk of contracting campylobacteriosis associated with the handling and consumption of 
contaminated chicken. It is also noted that free range chicken that are marketed as the 
healthier alternative to commercially-bred chicken have higher prevalence of Campylobacter 
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and is therefore not always the safer option for human consumption. The South African 
community should be made aware of the risks associated with the consumption of poultry and 
should be educated and reminded to cook food thoroughly at, at least 60°C or preferably at 
72°C to prevent the acquisition of campylobacteriosis.  
 
The CPT Protocol originally designed for the cost effective isolation of all Campylobacter 
species was effectively optimized to isolate Campylobacter from the raw chicken samples. 
However, since the recovery of Campylobacter in food samples depends on the inclusion of 
an enrichment broth, further research needs to be done to obtain an enrichment broth that will 
not suppress the growth of emerging campylobacters while enhancing the growth of 
thermotolerant campylobacters only. Both methods proved to be reliable methods of 
detection of Campylobacter from chicken meat samples and to further confirm the reliability 
of the protocols, future studies, although laborious and time consuming, should include 
performing the study in duplicate or triplicate. 
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Chapter 4 - The survival of Campylobacter species in chicken 
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4.1 ABSTRACT 
Campylobacter species are naturally found in the environment yet the sporadic nature of 
campylobacteriosis cases suggest that it‟s main source is in the domestic setting where the 
handling of raw chicken during food preparation practices are likely to contaminate the 
preparer‟s hands, utensils used as well as any surfaces that come into contact with 
contaminated chicken. Campylobacter has previously been documented to survive for 
extended periods in chicken meat at refrigeration and freezing temperatures. The aim of this 
study was to determine the survival period of C. coli and C. jejuni previously isolated from 
chicken meat and the neck skin of South African commercial and free range chicken farms. 
The survival of the strains were tested in chicken meat of commercial farming origin at 4°C 
and -20°C, thus simulating refrigeration and freezing temperatures in the domestic setting. It 
was found that the four Campylobacter strains used in the experiment was able to survive at 
4°C in the refrigerator for eight days with no noticeable change in the initial bacterial count 
inoculated onto the chicken meat. The survival of the strains at -20°C proved to be more 
variable. Initially, there was no immediate reduction of bacterial load upon visual 
examination. The C. jejuni subsp. jejuni biotype 1 NS24a strain of free range origin lost its 
culturability at day eight of the sampling period. C. coli CF10a was able to survive for 25 
days, while C. coli CF9a and C. jejuni S1b were still viable on day 30 of the sampling period. 
The results indicate that strain viability is variable but still show that campylobacters are able 
to survive on chicken meat for a significant period of time. Therefore the consumers‟ food 
preparation practices should be of a very strict hygienic standard while ensuring that their 
food, especially those containing raw poultry, should be thoroughly cooked at high 
temperatures, to prevent the risk of contracting campylobacteriosis.  
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4.2 INTRODUCTION 
Campylobacter species are ubiquitous in the environment (Allos and Lastovica 2011). The 
sporadic nature of campylobacteriosis cases (Silva et al. 2011; Calciati et al. 2012; Habib et 
al. 2012) suggest that the majority of these cases originate from the domestic kitchen (Melero 
et al. 2012). The most important risk factors for acquiring the illness are the handling of and 
consumption of contaminated chicken, chicken products and ready-to-eat (RTE) foods 
(Simmons et al. 2008; Alonso et al. 2011; Melero et al. 2012). Studies have also shown that 
the cooking utensils such as dishes, knives and cutting boards as well as food contact surfaces 
and hands are readily contaminated if it comes into contact with contaminated raw chicken. 
Cross-contamination of RTE foods (Lindqvist and Lindblad 2008; Melero et al. 2012) and 
fresh produce (Humphrey et al. 2007) occur when the above-mentioned contaminated 
utensils come into direct contact with the food. The above factors increases the risk of 
acquiring campylobacteriosis (Lindqvist and Lindblad 2008; Melero et al. 2012). 
Contaminated RTE foods and fresh produce does not undergo any further cooking and 
therefore a greater risk of acquiring campylobacteriosis is identified if consumed (Humphrey 
et al. 2007). 
 
Campylobacter has the ability to survive in water for 14 to 60 days at room temperature but 
the period of viability differs and is strain dependent. It was also demonstrated by Talibart et 
al. (2000) that Campylobacter strains have the ability of being resuscitated when the non-
culturable strains are injected into fertilized chicken eggs. Separate studies have shown that 
Campylobacter species are more susceptible to freezing than refrigeration temperatures as the 
bacterial load is significantly reduced upon initial freezing (Georgsson et al. 2006; Habib et 
al. 2010; Sampers et al. 2010). However, strains in the respective studies could still be 
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detected after 84 (Sampers et al. 2010) to 220 days (Georgsson et al. 2006). Campylobacter 
numbers remain relatively invariable over a period of 14 days at 4°C (Sampers et al. 2010).  
This study aimed to qualitatively determine the survival period of C. coli and C. jejuni in 
chicken meat through the artificial contamination of the chicken with different strains of the 
bacteria.  
 
4.3 MATERIALS AND METHODS 
Tryptose Blood Agar Base (CM0233 – Oxoid, Basingstoke, UK) supplemented with 10% 
unlysed citrated horse blood (MRC, Delft, South Africa) (hereafter wholly referred to as TBA 
plates) was used for the routine isolation and subculturing of Campylobacter species,  unless 
otherwise stated. The detailed preparation procedure of the growth media plates are described 
in Appendix A. Excess moisture was removed from the TBA plates prior to use by drying the 
plates for one hour in a class two biohazardous Bio-Flow laminar flow cabinet (Labotec, 
South Africa). All incubations were carried out at 37°C in a carbon dioxide (CO2) incubator 
(Nu-Aire, Lasec, South Africa) with a 5% CO2 flow for 48 h, ± 4 h, unless otherwise stated.  
 
4.3.1 Reference strains 
Strains that were used in the survival study of Campylobacter species in chicken meat were 
originally isolated from commercial and free range chicken in a separate study. No clinical 
strains were used in this study for a comparison as they were unable to be revitalized. Four 
Campylobacter strains were used for this study; C. coli CF9a, C. coli CF10a, C. jejuni S1b 
(of commercial farming origin) and C. jejuni subsp. jejuni biotype 1 NS24a (of free range 
farming origin). The strains were viable after its isolation and characterization from chicken 
meat and immediately used in the survival study.  
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4.3.2 Inoculation of chicken meat with Campylobacter species   
Fresh chicken breasts with skin (of commercial farming origin - hereafter referred to as 
chicken meat) portions were purchased from a local retailer and kept refrigerated until 
transported to the laboratory, where it was refrigerated once again upon arrival until further 
processed. The chicken meat was aseptically divided into 16 × 25 g portions and placed in 
Whirl-Pak bags (Nasco, USA). The Campylobacter inoculums were prepared by 
resuspending a 10µl loopful of the respective Campylobacter strain, grown on TBA plates in 
990 µl of sterile distilled water. The culture was resuspended completely into solution by 
repeatedly pipetting the mixture up and down and finally vortexing the solution on the 
highest setting for 15 s. From the respective inoculums, 100 µl was applied to the chicken 
meat (underneath and above the skin as well as on the meat). This was done in duplicate. 
Each bag was then carefully closed displacing as much air from the headspace as possible 
and placed in a refrigerator at 4°C. The same procedure was followed for the inoculation of 
the chicken meat that was stored at -20°C. Therefore the survival study of each 
Campylobacter strain was performed in duplicate at both refrigeration and freezer 
temperatures.  
 
A 1000-fold serial dilution from each inoculum was performed using sterile distilled water as 
the diluent and plated in duplicate using the standard plating method on TBA plates and 
incubated. This was done to determine the original concentration of bacteria inoculated on the 
chicken meat. The concentration is expressed as CFU.ml
-1
 and is calculated using the 
following formula: CFU.ml
-1
 = average number of colonies ÷ dilution factor. 
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4.3.3 Determination of the survival period of Campylobacter species in chicken 
4.3.3.1 The survival of Campylobacter species in chicken at refrigeration 
temperature 
The survival of the respective Campylobacter strains in refrigerated chicken was determined 
over a period of eight days. Sampling was performed at 48 h intervals for the eight day period 
after the initial inoculation time. The bags containing the artificially contaminated chicken 
were removed from the refrigerator and the chicken was sampled immediately. The best 
manner in which to sample the chicken was not previously established and therefore two 
sampling methods were used in the initial sampling periods.   
1. Standard streaking technique – A sterile 10 µl plastic loop (LP Italian Spa, Italy) 
was drawn over the surface and beneath the skin of the chicken meat and streaked 
across a fresh TBA plate using the standard streaking technique. 
2. Filtration technique – A sterile swab (Sterilin, UK) was wiped across the surface and 
beneath the skin of the chicken meat. The head of the swab was transferred to a 
microcentrifuge tube containing one ml sterile distilled water. The contents of the 
microcentrifuge tube were vortexed at the highest setting for 15 s. A 0.65 µm 
cellulose nitrate filter (Sartorius Stedim Biotech, Germany) was aseptically placed on 
the surface of a fresh TBA plate and left to adhere to the surface of the plate for five 
min. One hundred microlitres of the solution was placed drop wise on the filter paper 
and left to stand for 15 min. The filter paper was then removed and the plate was 
incubated in the inverted position. This was done for each artificially contaminated 
chicken portion. The chicken portions were placed back in the refrigerator until the 
next sampling time.  
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Both sampling techniques were applied at the first and second sampling intervals. Thereafter 
the filtration technique was used for the rest of the sampling period.  
It was noted that a lawn of Campylobacter growth was recovered after each sampling period 
using the filtration technique and therefore no difference in the Campylobacter load was 
recorded.  
 
Albeit being a qualitative study, a method to quantitatively determine the survival of 
Campylobacter at each sampling period would have been essential to the construction of the 
survival curve (Figure 4.1). However, the limitation of time did not allow for the 
development of a quantitative method for the survival of Campylobacter at refrigeration 
temperatures. Therefore, the construction of the survival curve (Figure 4.1) was based on the 
assumption that the original Campylobacter load had remained constant even though, in 
reality, some bacterial cells must have died. The constant value assigned to the concentration 
of the respective bacteria isolated at the sampling intervals, was recorded as the initial 
respective concentrations that were used to contaminate the chicken for the construction of 
the curve. Since there was no difference between trial 1 and trial 2 of the study, no standard 
deviation was observed and therefore, no standard deviation is shown on the curve (Figure 
4.1).  
  
4.3.3.2 The survival of Campylobacter species in frozen chicken 
The survival of the respective Campylobacter strains on frozen chicken was determined for a 
period of 30 days. Sampling was performed at 48 h intervals for the first 10 days of the 
survival experiment period. Thereafter, sampling was performed every fifth day until the end 
of the sampling period. The artificially contaminated chicken portions were allowed to thaw 
at room temperature until the meat was completely soft. Both the streaking and filtration 
techniques described in 4.3.3.1 above were employed to sample the chicken for the first and 
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second sampling interval. Thereafter, the filtration technique was used for the rest of the 
sampling period.  
It was noted that, after the initial sampling periods had elapsed, isolated Campylobacter 
colonies were recovered. These colonies were counted and the concentration of the surviving 
bacterial load calculated albeit not being a quantitative study. This was done to enable the 
construction of a survival curve of each bacterial strain (Figure 4.2).  
 
4.4 RESULTS 
4.4.1 Respective inoculum concentrations used to artificially contaminate chicken meat 
samples 
 
Table 4.1 Concentrations (CFU.ml
-1
) of the respective Campylobacter inoculums used to 
artificially contaminate fresh chicken meat portions 
Campylobacter strain  Concentration (
*
CFU.ml
-1
) 
Campylobacter coli CF9a 8.75 × 10
24
 
Campylobacter coli CF10a 7.35 × 10
24
 
Campylobacter jejuni S1b 1.56 × 10
24
 
Campylobacter jejuni subsp. jejuni biotype 1 2.1 × 10
24
 
*CFU.ml
-1
 : Colony forming units per millilitre 
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4.4.2 Effect of refrigeration temperatures on the survival of C. coli and C. jejuni in artificially contaminated chicken meat 
 
 
Fig. 4.1 Survival curve of Campylobacter species in refrigerated chicken meat for a period of 8 days 
 
 
4.4.3 The effect of freezing on the survival of C. coli and C. jejuni in artificially contaminated chicken meat - next page 
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Fig. 4.2 The effect of freezing on the survival of C. coli (a, b) and C. jejuni (c, d) in artificially contaminated chicken meat over 30 days (standard deviations varied from 0 
and 16.6 log10 CFU.ml
-1
). 
a b 
c d 
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4.5 DISCUSSION 
This study qualitatively determined the survival period of C. coli and C. jejuni in fresh chicken 
refrigerated at 4°C and frozen chicken at -20°C. These temperatures were chosen as fresh chicken is 
kept refrigerated at 4°C in supermarkets and in the domestic setting and chicken are usually frozen 
for long term storage. This study therefore simulates the practices of the supermarket and domestic 
setting. 
 
A high concentration of bacteria was used to inoculate the chicken portions (Table 4.1). This study 
was of a qualitative nature and therefore this high concentration of the inoculums were not reduced 
to a concentration level of naturally contaminated chicken (~10
5
 to 10
9 
CFU g
-1
 - Corry and Atabay 
2001; Zweifel et al. 2008). The main aim was to determine the period of survival of the respective 
Campylobacter strains at the respective temperatures.  
 
The Campylobacter strains used to artificially contaminate the chicken meat portions were initially 
isolated from free range (C. jejuni subsp. jejuni biotype 1 NS24a) and commercial (C. coli CF9a 
and CF10a, C. jejuni S1b) chicken. The chicken meat portions used in the study was of commercial 
farming origin. Antibiotics and Antibiotic Growth Promoters (AGPs) are still extensively used in 
commercial farming in South Africa at both therapeutic and sub-therapeutic levels respectively 
(Xingwana 2008). This means that it is probable that the Campylobacter strains of commercial 
chicken origin have previously been exposed to antibiotics and it is likely that the strains were 
resistant to the antibiotic present in the chicken meat portions used in this study. It is unknown 
which antibiotics were used in the rearing of the commercial chicken. The opposite is true for the 
Campylobacter strain of free range chicken origin. These chickens are not exposed to antibiotics 
during rearing and therefore the Campylobacter strains isolated from free range chicken are not 
likely to be resistant to antibiotics.  
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The four Campylobacter strains used in this study to artificially contaminate the chicken meat 
portions were able to survive for 8 days at 4°C (Figure 4.1) after which the chicken was discarded 
as it had exceeded its shelf life at refrigeration temperatures. The bacterial counts did not appear 
reduced in number as smears of growth were evident at each sampling interval. C. jejuni subsp. 
jejuni biotype 1 NS24a, an isolate of free range origin, also showed no decline in number upon 
visual examination, in comparison with the rest of the strains used in the study. These results are in 
agreement with a study done by Sampers et al. (2010) as their results also demonstrated that 
Campylobacter were able to survive for 14 days at 4°C without a noticeable reduction in the 
bacterial count. This present study has an added advantage whereby a direct detection method was 
used in comparison with the use of the enrichment protocol, ISO10272-1:2006, to detect survival of 
Campylobacter in frozen chicken meat samples (Sampers et al. 2010). 
 
The study of the effect of freezing on Campylobacter species was done in duplicate and each strain 
displayed a different trend in its respective survival curve (Figure 4.2). All strains survived the first 
six days with no noticeable reduction in bacterial numbers. This is not in agreement with previous 
studies as those studies showed an immediate (within ~2 days) reduction in bacterial numbers 
(Georgsson et al. 2006; Habib et al. 2010; Sampers et al. 2010). All strains beside the strain C. 
jejuni subsp. jejuni biotype 1 NS24a, also survived until the eighth day with no noticeable reduction 
in bacterial count. C. jejuni subsp. jejuni biotype 1 NS24a was not culturable at all from day eight. 
This is not in agreement with other studies as there was no gradual reduction in bacterial numbers 
before losing its culturability. A possible reason for this could be that the strain is more susceptible 
to antibiotic residues that may be left on the chicken than the other strains, as it is of free range 
chicken origin. Strain C. coli CF10 only survived for 25 days where only one colony had grown. 
Strains C. coli CF9 and C. jejuni S1b both survived for 30 days where counts <10 colonies were 
still obtained. A gradual decrease in numbers was observed throughout the survival experimental 
period of these two Campylobacter strains. The standard deviations varied from 0 to 16.6. The 
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higher standard deviations (for all strains) at some of the the respective sampling intervals (Figure 
4.2) are due to no colony count observed in one trial while colonies were observed for the second 
trial of each respective strain (experiments performed in duplicate). These standard deviations 
would improve if the experiment is repeated several more times. The experiments were stopped at 
day 30 and this means that these two strains may have survived past the 30 day experimental 
period. Previous studies have shown that Campylobacter strains are able to survive >84 (Sampers et 
al. 2010) to 220 days (Georgsson et al. 2006). The commentary on the reduction in bacterial count 
in this present study is not for quantitative purposes but rather described for comparison with 
previous studies. 
 
The filtration technique is based on the motility ability of Campylobacter organisms. This method 
could promote a more rapid and reliable detection method of viable Campylobacter (Wisessombat 
et al. 2009). This filtration technique employed in this study, proved to be superior to the standard 
streaking technique as it eliminated competing bacteria that has the potential to inhibit the growth 
of Campylobacter or to cause an overgrowth in which Campylobacter will not be identified.  
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4.6 CONCLUSION 
The results obtained in the survival of Campylobacter in chicken meat demonstrate the risk 
associated with handling chicken in the supermarket and in the home during food preparation. 
These results show that it is very likely that chicken naturally contaminated with Campylobacter 
may retain Campylobacter levels if stored in the refrigerator or a reduced count if frozen due to the 
susceptibility of Campylobacter to multiple freeze-thaw cycles. Handling raw chicken and the 
consumption of undercooked contaminated chicken meat products has the ability to cause 
campylobacteriosis if proper hygiene and cooking practices are not adhered to in the home.  
 
The variability of the survival period of each Campylobacter strain used in the study demonstrates 
that the survival of Campylobacter species in chicken meat is strain dependent. This study could be 
improved by increasing the number of strains used in the study, especially those of free range origin 
to determine the hypothesis that free range isolates are more susceptible to antibiotic residues 
present. Clinical Campylobacter strains should also be included in the study to determine whether 
they have the ability to survive in chicken. This could add further proof that chicken meat and 
products are the main source of Campylobacter infection in humans.  
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Chapter 5 – Antimicrobial profiling of Campylobacter isolates 
5.1 ABSTRACT 
Antibiotics are chemical compounds that inhibit or destroys the growth of microorganisms and are 
used for the therapeutic treatment of infections in humans and animals. They are also used sub-
therapeutically for the promotion of growth and performance in food animals. Incorrect usage and 
exposure to antibiotics increases the risk of the bacteria acquiring resistance to a specific antibiotic. 
Antibiotic growth promoters (AGPs) are still used intensively in the South African poultry industry 
and therefore contribute to the increase in resistance patterns of certain antibiotics. Antibiotic 
susceptibility testing was carried out for nalidixic acid, tetracycline, erythromycin and ciprofloxacin 
according to the disk diffusion method of the NHLS. The percentages of resistant C. coli strains (n 
= 33) of free range chicken were 18, 39, 61 and 85% respectively, while C. jejuni strains (n = 56) 
isolated from free range chicken were resistant to the above-mentioned antibiotics by 4, 11, 50 and 
64%, respectively. C. coli isolates (n = 4) of commercial chicken origin were 100, 50, 100 and 25% 
resistant to the antibiotics, respectively, while C. jejuni strains (n = 29) showed 100, 86, 97 and 
79% resistance to the antibiotics, respectively. The resistance prevalence is very high and is 
suggestive that previous exposure of the bacterial isolates to antibiotics is the main reason of the 
high resistance levels. Alternative strategies to reduce bacterial infections in poultry should be 
sought. More research, however, into bacteriophage therapy, the use of bacteriocins and 
competitive exclusion is needed as the methods show a great potential as a substitution to antibiotic 
therapy. Since the implementation of an appropriate measure of control for the successful reduction 
of Campylobacter on the farm is not in place, the focus should be to limit the transmission of 
infection from animals, animal products and the environment to humans.  
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5.2 INTRODUCTION 
 
Antibiotics were originally isolated from microorganisms and can be defined as chemical 
compounds that inhibit the growth of other microbes in its surrounding environment. The classes of 
antibiotics are classified by its structural type as well as its mechanism of action in inhibiting or 
killing the target cell(s) (Davies 2006). In the early 20
th
 century, it was discovered that not only 
were antibiotics beneficial to the health of humans, but was also beneficial to the health of food 
animals and enhanced its growth and performance at sub-therapeutic levels (van den Bogaard and 
Stobberingh 2000; Castanon 2007; Martinez 2009; Silva et al. 2011). However, a clear correlation 
of the acquired resistance of bacteria to the antibiotics used in the animal feed became apparent 
(Alanis 2005; Dibner and Richards 2005).   
 
The use of antibiotics as growth promoters led to the vast emergence of antibiotic resistant 
pathogens globally in the 1980s and this led to the recommendation that all antibiotic growth 
promoters (AGPs) should be banned. The next decade saw the banning of AGPs in several 
European countries (Aarestrup et al. 1998; Casewell et al. 2003; Dibner and Richards 2005; 
Castanon 2007). South Africa (SA), however, continues to use antibiotics intensively in the 21
st
 
century but acknowledges that this practise may lead to the development of antibiotic resistant 
bacteria, which in turn, could compromise human therapy (Xingwana 2008). This use of antibiotics 
at sub-therapeutic levels apply to the commercial chicken farming industry in SA, while free range 
chicken are bred with limited exposure to antibiotics and are only administered to the chicken for 
therapeutic treatment of diseases (Humphrey et al. 2007). 
 
Campylobacteriosis is considered to be a zoonotic illness as it is mainly acquired from the handling 
and consumption of raw and inadequately cooked contaminated chicken (Bester and Essack 2010). 
Patients with campylobacteriosis that require antibiotic therapy are primarily treated with 
macrolides and fluoroquinolones (Avrain et al. 2003; Ishihara et al. 2004; Moore et al. 2006; Bester 
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and Essack 2008) while tetracyclines, although rarely used, have been suggested as an alternative 
choice of treatment. Serious cases of Campylobacter infections, such as bacteremia or other 
systemic infections may necessitate the administration of intravenous aminoglycoside (gentamicin) 
therapy (Aarestrup and Engberg 2001). 
 
Globally, there have been increased reports of Campylobacter of broiler (chicken) origin being 
resistant to antibiotics within the fluoroquinolone and macrolide classes of antibiotics 
(Luangtongkum et al. 2009). Various food safety organizations across the globe have highlighted 
the importance of monitoring the trend of antibiotic resistance and subsequently, organizations such 
as the Clinical and Laboratory Standards Institute (CLSI) and British Society for Antimicrobial 
Chemotherapy (BSAC) were established to set standards for the detection of antibiotic resistance in 
pathogens of clinical and food origin.  
 
Many methods exist for the detection of antibiotic resistance in bacterial isolates. The earliest 
method available was the broth macrodilution method which involved the preparation of two-fold 
dilutions of antibiotic in an appropriate liquid growth medium. The tubes are inoculated with a 
standardized suspension of bacterial culture and the lowest concentration of antibiotic that 
prevented growth represented the minimal inhibitory concentration (MIC). The macrodilution 
protocol can now be performed on a micro scale where the assay is performed in a 96 well tray and 
eliminates the laborious disadvantages of the former method. The possibility of errors in the 
preparation of the antibiotic solutions and the relatively large amount of reagents used is also 
reduced. The antimicrobial gradient diffusion method establishes an antibiotic concentration 
gradient in a solid growth medium as a means of detecting susceptibility. The method has been 
commercialized with the advent of the Epsilometer-test (E-test). The E-test strips are impregnated 
on the underside with a dried antibiotic concentration gradient and the MIC is determined by the 
intersection of the lower part of the ellipse shaped growth inhibition area with the test strip. A 
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disadvantage of this method is that it is expensive especially when a few different types of 
antibiotics are to be tested (Jorgenson and Ferraro 2009). The disk diffusion method is simple, 
practical and cost efficient yielding qualitative results that can be interpreted as susceptible, 
intermediate resistance or resistant (Anon 2005; Jorgenson and Ferraro 2009; Anon 2011; Anon 
2012). 
 
The above-mentioned methods have been employed to determine the antimicrobial susceptibility of 
Campylobacter to a range of antibiotics. However, no internationally accepted method is available 
as a susceptibility testing method for Campylobacter. As a result, there is much debate about the 
method and interpretation of results used for susceptibility testing of campylobacters. Many studies 
have investigated the variation of results when the above-mentioned methods were compared. It 
was agreed upon, amongst authors, that the disk diffusion method was the most reliable for 
monitoring the prevalence of antibiotic resistant C. jejuni (Moore et al. 2006). 
 
The South African National Health Laboratory Services (NHLS) have compiled disk diffusion 
susceptibility testing guidelines based on a variety of publications comparing the MICs obtained 
using the agar dilution method to the susceptibility testing results obtained using the disk diffusion 
method (A. Whitelaw, personal communication). 
 
The aim of this study was to establish the antimicrobial susceptibility patterns of C. coli and C. 
jejuni from South African free range and commercial chicken origin using reliable, locally 
established disk diffusion testing parameters.  
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5.3 MATERIALS AND METHODS 
5.3.1 Control and reference strains 
 
The appropriate susceptible control strains should be used to monitor the performance of 
antimicrobial susceptibility tests (not for the interpretation of susceptibility) while resistant strains 
such as Haemophilus influenza ATCC 49247, which is a β-lactamase negative, ampicillin resistant 
strain, should be used to determine whether the method will detect mechanisms of resistance against 
certain antibiotics (Anon 2012). Due to the lack of availability of control strains, a clinical reference 
strain, C. jejuni GSH 5953887, was used to monitor the performance of the technique used. The 
reproducibility of the antibiotic susceptibility test technique was determined in triplicate using the 
disk diffusion method outlined below. 
 
5.3.2 Antibiotic susceptibility testing of Campylobacter isolates using the disk diffusion method 
 
Tryptose Blood Agar Base (Oxoid, Basingstoke, UK) supplemented with 10% unlysed citrated horse 
blood (MRC, Delft, South Africa) (hereafter wholly referred to as TBA plates) was used for the 
routine isolation and subculturing of Campylobacter species,  unless otherwise stated. Mueller 
Hinton Agar (Oxoid, Basingstoke, UK) supplemented with 5% unlysed citrated horse blood 
(hereafter wholly referred to as MHA) plates were used for the antibiotic susceptibility testing using 
the disk diffusion method. The detailed preparation procedure of the growth media plates are 
described in Appendix A. Excess moisture was removed from the plates prior to use by drying the 
plates for one hour in a class two biohazardous Bio-Flow laminar flow cabinet (Labotec, Cape Town, 
South Africa). All incubations were carried out at 37°C in a carbon dioxide (CO2) incubator (Nu-
Aire, Lasec, South Africa) with a 5% CO2 flow for 48 h, ± 4 h, unless otherwise stated.  
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The Campylobacter isolates (n = 122) were isolated from South African free range and commercial 
chicken using the Cape Town Protocol and ISO 10272-1:2006 method outlined in Chapter 2. After 
biochemical characterization and PCR confirmation of the isolates as belonging to the genus 
Campylobacter, the disk diffusion method was used to determine the antibiogram of each isolate. 
Free range chickens yielded 89 Campylobacter isolates, of which 56 were C. jejuni and 33 were C. 
coli. Commercial chickens yielded 34 isolates, of which 29 were C. jejuni and 4 were C. coli. 
 
The antibiotics and concentrations thereof used in this study as well as the interpretation of results 
obtained are listed in Table 5.1. All antibiotics were purchased from Oxoid, Basingstoke, UK.  
 
 
Table 5.1 Concentrations of antibiotics and the corresponding zone diameters of the disk diffusion 
susceptibility test according to the NHLS 
Antibiotic Class Antibiotic 
Concentration 
(µg) 
Interpretation of zone diameters (mm) 
R ≤ I S ≥ 
Cephalosporin Cephalothin 30 For identification only 
Fluoroquinolone Ciprofloxacin 1 19 20-22 23 
Quinolone Nalidixic acid 30 6 - 6 
Macrolide Erythromycin 15 15 16-18 19 
Tetracyclines Tetracycline 10 17 18-28 29 
R – Resistant; I – Intermediate resistance; S – Susceptible 
The batch of Campylobacter isolates (n = 34) of commercial chicken origin were tested with the 
same antibiotics as listed in Table 5.1 except that the concentrations of the ciprofloxacin disks used 
were 5µg and the concentration of tetracycline used was 30 µg. These concentrations were used as 
part of the guidelines set forth by the CLSI. The CLSI has no guidelines for the interpretation of 
disk diffusion susceptibility for Campylobacter. Therefore, the CLSI concentrations were used yet 
the zones of inhibition were interpreted according to the NHLS guidelines (Table 5.1).  
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5.3.2.1 Preparation of the inoculum 
The inoculum should give a semi-confluent growth of colonies after 48 h ± 4 h of incubation. The 
density of the inoculum was matched to the 0.5 McFarland standard within the absorbance range of 
0.08 – 0.13 at 625 nm. The McFarland standard was prepared by adding 0.05 ml of 0.048 M BaCl2 
(Merck, South Africa) to 9.5 ml of 0.18 M H2SO4 (Merck, South Africa) with constant stirring. The 
suspension was thoroughly mixed by vortexing for 15 s and single-use aliquots (1.5 ml) was 
dispensed into 2 ml microcentrifuge tubes and stored in the dark at room temperature for up to six 
months. Before use, the McFarland standard was thoroughly mixed using a vortex and transferred 
to a cuvette (Lasec, South Africa) with a one cm light path. Using sterile, filtered distilled water as 
a blank standard, the absorbance of the McFarland standard was measured using a Spectronic 
Helios Epsilon spectrophotometer (Thermo Scientific, USA) at 625 nm. The absorbance of a 0.5 
McFarland standard should be between 0.08 – 0.13.  
 
The Campylobacter inoculums were prepared using the direct colony suspension method where 
each Campylobacter isolate was sub-cultured on a fresh TBA plate and incubated. The colonies 
were then transferred to one millilitre of sterile, filtered distilled water, vortexed to ensure an even 
suspension and the absorbance was read. The density of the inoculum matched that of the 0.5 
McFarland standard absorbance range (0.08 to 0.13) at 625 nm. When needed, the density of the 
inoculum was adjusted to fall within the absorbance range using sterile, filtered distilled water or 
with the addition of more colonies to the inoculum and mixed to ensure an even suspension before 
the absorbance was read again.  
 
The inoculum suspension was used within 15 min of preparation. A sterile cotton-wool swab 
(Sterilin, UK) was dipped into the suspension and excess liquid was removed by turning the head of 
the swab against the side of the microcentrifuge tube. The inoculum was spread over the entire 
surface of the MHA plate by swabbing in three directions. The plate was allowed to dry at room 
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temperature before the antibiotic disks were applied. An antibiotic disk dispenser (Oxoid, 
Basingstoke, UK) was used to apply the disks to the plates. No more than three antibiotic disks 
were applied to one plate.  
 
Following incubation, the diameter of the zones were measured in millimetres and interpreted as 
susceptible, intermediate or resistant for each antibiotic disk.  
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5.4 RESULTS 
 
Fig. 5.1 The antimicrobial susceptibility patterns of Campylobacter isolates of free range chicken farming 
origin (NA – Nalidixic acid; TE – Tetracycline; E – Erythromycin; CIP – Ciprofloxacin) 
 
Fig. 5.2 The antimicrobial susceptibility patterns of Campylobacter isolates of commercial chicken farming 
origin (NA – Nalidixic acid; TE – Tetracycline; E – Erythromycin; CIP – Ciprofloxacin) 
 
 
 
 
130 
 
5.5 DISCUSSION 
 
The use of antimicrobials as therapeutic agents in food animals has resulted in the emergence of 
antibiotic resistant bacteria, including antibiotic resistant Campylobacter (Aarestrup et al. 1998; 
Aarestrup & Engberg 2001; The Campylobacter Sentinel Surveillance Scheme Collaborators 2002; 
Rahimi and Ameri 2011). This could have a potentially serious impact on human health as 
antimicrobials are used to decrease the morbidity and mortality associated with serious and life-
threatening infections. Resistance to antimicrobials decreases the effectiveness of the drugs and 
results in human health being compromised (Collignon et al. 2009).  
 
In recent years, campylobacters have developed resistance to antibiotics, particularly 
fluoroquinolones and macrolide antibiotics globally (Moore et al. 2006; Rahimi and Ameri 2011). 
A study in the UK has shown that 55% of campylobacteriosis cases acquired abroad were resistant 
to ciprofloxacin compared to 10% of locally acquired infections that were resistant to the antibiotic 
(The Campylobacter Sentinel Surveillance Scheme Collaborators 2002). In the period 1996-2003, a 
decreased rate of ciprofloxacin resistance was reported in C. jejuni isolated from chicken meat in 
Denmark (Andersen et al. 2006). In South Africa, ciprofloxacin resistance in clinical C. jejuni 
isolates increased from 1.4% to 31.0% in a 14 year period between 1998 and 2011 (Bester et al. 
2011). In the present study, C. coli and C. jejuni of free range chicken origin showed 85% and 64% 
resistance to ciprofloxacin respectively (Figure 5.1). The same isolates showed a low level of 
resistance to nalidixic acid (quinolone antibiotic), with 18% and 4% respectively. C. coli and C. 
jejuni isolates of commercial farming origin showed a 25% and 79% level of resistance to 
ciprofloxacin and both species showing 100% resistance to nalidixic acid.  
 
The use of tetracyclines for therapeutic use in humans with campylobacteriosis has decreased in 
recent years (Andersen et al. 2006; Gibreel and Taylor 2006; Moore et al. 2006) and is used as an 
alternative choice of treatment to macrolides and fluoroquinolones. However, tetracycline resistant 
 
 
 
 
131 
 
campylobacters were prevalent in poultry in the KwaZulu Natal province of SA at a rate of 98% 
while tetracycline resistance in clinical C. jejuni isolates increased from 14.2% to 78.0% from 1998 
to 2011 (Bester et al. 2011). The present study showed that 39% and 11% of C. coli and C. jejuni 
isolates from free range chicken were resistant to tetracycline respectively while 50% and 86% of 
the respective isolates of commercial farming origin were tetracycline resistant (Figure 5.1).  
 
Macrolide antibiotics such as erythromycin are considered as the first drug of choice for the 
treatment of human campylobacteriosis cases. However, a significant increase in resistance to 
macrolides among campylobacters have been reported since the 1990s (Andersen et al. 2006; 
Gibreel and Taylor 2006; Collignon et al. 2009; Luangtongkum et al. 2009) while some studies 
report 0% resistance to erythromycin (Avrain et al. 2003; Wieczorek et al. 2012). The resistance of 
clinical C. jejuni isolates to erythromycin has increased from 3.4% to 7.2% from 1998-2011 in 
South Africa (Bester et al. 2011). The present study shows that 61% and 50% of C. coli and C. 
jejuni isolates of free range chicken origin are resistant to erythromycin respectively while 100% 
and 97% of the respective isolates of commercial chicken origin was resistant to the drug (Figure 
5.2).  
 
Many of the isolates showed resistance to two or more antibiotics, confirming that there is an 
increase in the emergence of multi-drug resistant Campylobacter (Moore et al. 2006; Bester et al. 
2011; Rahimi and Ameri 2011). This is also in agreement with studies done in Poland by 
Wieczorek et al. (2012) where 60.9% of 321 Campylobacter isolates from poultry were resistant to 
two or more while one strain showed resistance to four different classes of antibiotics. 
 
Cephalothin is an antibiotic that is used for the identification of Campylobacter species only. All C. 
coli and C. jejuni strains are resistant to this antibiotic (Lastovica and Skirrow 2000; Lastovica 
2006) and therefore the analysis of the antibiogram results for this antibiotic was not discussed in 
 
 
 
 
132 
 
detail. The reference strain, C. jejuni GSH 5953887, was used to monitor the performance of the 
technique used. The reproducibility of the antibiotic susceptibility disk diffusion technique was 
determined in triplicate. The zone diameters for all antibiotics in triplicate corresponded well and 
therefore the method was shown to be reproducible.  
 
Tetracycline (10 µg) was used for the antibiotic susceptibility testing of the free range isolates. This 
concentration used was an oversight as when initial contact was made with the NHLS, this 
information was erroneously captured. The correct concentration that should have been used was 30 
µg. This error was only communicated at the end of the study and therefore the antibiotic 
susceptibility tests could not be repeated. The interpretation of the results was still done according 
to the guidelines of the NHLS.  
 
The results obtained from the usage of 5µg ciprofloxacin in the antibiotic susceptibility testing of 
commercial isolates could not, in principle, be interpreted according the diameter zone guidelines 
set forth by the NHLS. However, it is important to note that absolute resistance was obtained and 
no visual zone of inhibition was obtained for those isolates shown to be resistant to ciprofloxacin.  
 
The high levels of resistance obtained in this study is indicative that high levels of antibiotics are 
still being used in the South African poultry farming industry whether as therapeutic agents or as 
AGPs. This poses a serious risk for those persons who will acquire an infection from contaminated 
chicken meat (Collignon et al. 2009). The antibiotics erythromycin, tetracycline and ciprofloxacin 
will not be an effective remedy in the treatment of human campylobacteriosis cases and other 
alternative antibiotics such as gentamicin could be used therapeutically (Aarestrup and Engberg 
2001; Wieczorek et al. 2012).  
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5.6 CONCLUSION 
The high prevalence of resistance to ciprofloxacin, nalidixic acid, tetracycline and erythromycin, 
the antibiotics used in the therapeutic treatment of humans that have acquired serious cases of 
campylobacteriosis, is indicative that antibiotics are still used in the South African poultry industry. 
The antibiotic resistant trends suggest that exposure of bacteria to antibiotics increases its resistance 
to those specific drugs. Resistance could be acquired by the transfer of antibiotic resistance genes in 
the environment as well as the transfer of resistance genes within the gut of the bird.  
 
Alternative treatment methods to prevent infection of the chicken should be further explored as a 
means of eradication of the rise of antibiotic resistant bacteria. Methods such as bacteriophage 
treatment, usage of bacteriocins and competitive exclusion prove to be promising methods for the 
treatment of infections. The former method has already been shown to reduce Campylobacter levels 
immediately but the mechanism of the competitive exclusion strategy has not been determined and 
therefore this approach has not yet been successful in the treatment of Campylobacter infection.  
 
After years of research, there are still no effective, reliable and practical control measures in place 
to reduce or to completely prevent Campylobacter colonisation and therefore it is imperative that 
the transmission of infection from animals, animal products and the environment to humans must 
be prevented. 
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Chapter 6 – DNA fingerprinting analysis of Campylobacter species 
using Amplified Fragment Length Polymorphism 
 
6.1 ABSTRACT 
Campylobacter species and particularly the thermotolerant C. coli and C. jejuni strains are the 
causative agents of the world‟s leading foodborne infection, campylobacteriosis. Cases of 
campylobacteriosis mainly occur sporadically while outbreaks have been reported. The current 
phenotypic methods for characterization of isolates are unreliable as they do not have a high degree 
of discriminatory power while some strains are untypeable. Therefore, genetic-based typing 
techniques have been designed as a more reliable tool with a greater discriminatory power between 
strains. The AFLP technique has been shown to have the greatest discriminatory power when 
compared to other leading DNA typing techniques and it was applied to determine the genetic and 
epidemiological relatedness between C. coli and C. jejuni strains isolated from free range and 
commercial chicken farms in the Western Cape province. A genetic similarity of 90% or more was 
observed for five phenons of C. jejuni strains from different farms and even between free range and 
commercial farms. All C. coli and C. jejuni strains displayed high genetic diversity indicating that 
there were various sources of Campylobacter infections of the chickens, even within the same farm. 
A few strains isolated from chicken bred on different farms were found to be identical and this 
indicates that a source common to both farms such as the feed or the hatchery could be implicated 
as the source of a diversity of Campylobacter strains. Clinical C. jejuni strains and C. coli strains 
from chicken generated completely different AFLP fingerprints to that of the C. jejuni strains of 
chicken origin and were clustered accordingly. The genetic fingerprints showed that four of the 
seven strains initially characterized biochemically as C. coli was clustered as C. jejuni. The results 
indicate that the relatedness between strains at both the genetic and epidemiological levels can be 
evaluated using AFLP analysis and subsequent computerized data analysis. Further AFLP analysis 
of a larger selection of clinical Campylobacter strains and more strains from within and from 
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different chicken farms in the Western Cape region and possibly from South Africa (SA) should be 
done in order to determine whether chicken can be implicated as the main source of human 
campylobacteriosis cases in SA. The AFLP tool exhibits high discriminatory power and promises to 
enable the tracking of the source and typing of Campylobacter infections. 
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6.2 INTRODUCTION 
Campylobacter species are regarded as the most common agent of bacterial gastroenteritis 
worldwide (Kokotovic and On 1999; Lindstedt et al. 2000; Messens et al. 2009). These bacteria 
naturally occur in food animals, household pets and from environmental sources (Kokotovic and 
On 1999). The identification and subtyping of campylobacters are however considered to be 
problematic since traditional phenotypic methods have inadequate differential powers and a high 
proportion of strains are untypeable (Duim et al. 1999; Kokotovic and On 1999; Lindstedt et al. 
2000; On and Harrington 2000). Epidemiological studies are further complicated by the sporadic 
nature of campylobacteriosis cases (Kokotovic and On 1999). Additional methods are therefore 
needed to correctly identify the source of Campylobacter infections and phylogenetic studies. The 
genomic „fingerprint‟ of a Campylobacter strain has the ability to distinguish different strains from 
one another and to trace the source and routes of cases and/or outbreaks (Newell et al. 2000; 
Humphrey et al. 2007). DNA typing methods have gained popularity in recent years yet it has been 
difficult to combine speed and simplicity with high discriminatory power and reproducibility 
(Kokotovic and On 1999; Lindstedt et al. 2000).  
 
Amplified Fragment Length Polymorphism (AFLP) is a high resolution genotyping method that 
was originally developed by Keygene BV, Wageningen, The Netherlands, for the genotyping of 
plants and to a lesser extent, animals (Vos et al. 1995; Savelkoul et al. 1999; Meudt and Clarke 
2007). It has also been adapted for the genotyping of bacteria (Duim et al. 1999; Kokotovic and On 
1999; Duim et al. 2000; Duim and Savelkoul 2003). The technique cannot be used for the 
identification of the genus or family to which a specific bacterium belongs but can be used for the 
typing of species, subspecies and strains (Savelkoul et al. 1999). The powerful advantage of the 
AFLP technique is that it requires no prior knowledge of the target organism‟s genomic sequence 
(Vos et al. 1995; Savelkoul et al. 1999; Duim et al. 2000; Messens et al. 2009).  
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AFLP  analysis requires a small amount of genomic DNA which is digested with two restriction 
enzymes; a rare cutter enzyme which cleaves a six bp recognition site and will cut on average, at 
every 4096 bp in the genome and a frequent cutter enzyme which cleaves a four bp recognition site 
and will have an average cutting frequency once every 256 bp (Vos et al. 1995). Several enzyme 
combinations have been used since the original publication by Vos et al. (1995) (Savelkoul et al. 
1999), and the combination of HindIII and HhaI have been found to cleave Campylobacter DNA 
optimally (B. Duim, personal communication). Double stranded adaptors are ligated to the 
restriction fragments generated. The adaptors are designed in such a way that the initial restriction 
site is not restored after ligation which allows for simultaneous restriction and ligation. This creates 
a DNA template for the PCR amplification by adaptor-specific primers containing one or more 
selective nucleotides, ensuring that only a subset of fragments will be amplified under stringent 
PCR conditions. An extension of one selective nucleotide amplifies one of four of the ligated 
fragments whereas the incorporation of three selective nucleotides will amplify one in 4096 of the 
ligated fragments (Vos et al. 1995; Duim et al. 1999; Savelkoul et al. 1999; On and Harrington 
2000; Messens et al. 2009). The selective primer which spans the average-frequency restriction site 
is fluorescently labelled. The generated fragments are detected by this fluorescently labelled primer 
and analyzed on gel or capillary based automated DNA sequencers (Duim et al. 2001; Messens et 
al. 2009). The AFLP technique is rapid and easily standardized and has become feasible due to the 
increasing availability of automated DNA sequencers. However, this equipment is expensive but 
the digitization of AFLP results allows accurate interpretation, ease of data storage and ready data 
exchange between laboratories (Newell et al. 2000).  
The aim of this study was to discriminate and determine the relatedness between C. coli and C. 
jejuni strains from different farming regions in the Western Cape, South Africa and from different 
farm types, i.e. from free range and commercial chicken farms using the AFLP technique.  
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6.3 MATERIALS AND METHODS 
6.3.1 Bacterial strains and culture conditions 
Campylobacter species (n = 20) were obtained from a separate study that aimed to determine the 
prevalence of Campylobacter in South African free range and commercial chicken. AFLP analysis 
was performed on these strains of which seven were C. coli strains and 13 were C. jejuni strains. 
Clinical C. jejuni isolates (n = 2) were used as a comparison to the Campylobacter isolates from the 
chicken. The chicken isolates were randomly selected for AFLP analysis; seven isolates were of 
free range chicken origin and 13 were of commercial chicken origin.  
 
Tryptose Blood Agar Base (Oxoid, Basingstoke, UK) supplemented with 10% unlysed citrated horse 
blood (MRC, Delft, South Africa) (hereafter wholly referred to as TBA plates) was used for the 
routine isolation and subculturing of Campylobacter species,  unless otherwise stated. The detailed 
preparation procedure of the growth media plates are described in Appendix A. Excess moisture was 
removed from the plates prior to use by drying the plates for one hour in a class two biohazardous 
Bio-Flow laminar flow cabinet (Labotec, South Africa). All incubations were carried out at 37°C in a 
carbon dioxide (CO2) incubator (Nu-Aire, Lasec, South Africa) with a 5% CO2 flow for 48 h, ± 4 h, 
unless otherwise stated. Campylobacter isolates were aseptically stored at -80°C in Microbank
™
 
beads (Pro-lab Diagnostics, USA).  
 
 
6.3.2 Isolation of bacterial genomic DNA 
The detailed preparation of all buffers and chemicals used in the extraction of the genomic DNA is 
listed in Appendix B. All mixing by use of the vortex was done at the highest setting for 15 s. All 
centrifugation steps were done at 15 000 × g for 5 min using a Spectrafuge (Labnet, USA).  
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The genomic DNA of the isolates was extracted using an adaptation of the miniprep of bacterial 
genomic DNA protocol (Wilson 1994). The bacterial isolates were sub-cultured on a fresh TBA 
plate and incubated for 48 h in a microaerobic atmosphere. The resulting bacterial growth (10-20 
µl) was removed from the plate using a sterile 10 µl plastic loop (LP Italian Spa, Italy) and 
completely resuspended in 567 µl Tris-EDTA (TE) buffer by repeated pipetting. Thereafter, 30 µl 
of 10% sodium dodecyl sulfate (SDS) (Merck, South Africa) and 3 µl of 20 mg.ml
-1
 proteinase K 
(Roche Diagnostics, South Africa) to give a final concentration of 100 µg.ml
-1
 proteinase K in 0.5% 
SDS added. The mixture was thoroughly mixed by vortexing and placed in a Scientific Series 9000 
incubator (Lasec, South Africa) at 37°C for 1 h or overnight (~16 h). Thereafter, 100 µl of 5 M 
NaCl (Merck, South Africa) was added to give a final concentration of 0.7 M and mixed thoroughly 
by vortexing. The CTAB/NaCl solution (80 µl) (preheated in a water bath (Memmert, Lasec, South 
Africa) at 65°C for 15 – 30 min) was added and thoroughly mixed by vortexing and incubated in a 
water bath at 65°C for 10 min.  
 
An approximate equal volume (700 µl to 800 µl) of 24:1 chloroform:isoamyl alcohol (Merck, South 
Africa) was subsequently added, mixed thoroughly by vortexing and then centrifuged. The aqueous 
viscous supernatant was transferred to a fresh microcentrifuge tube and an equal volume of 25:24:1 
phenol:chloroform:isoamyl alcohol (Merck, South Africa) was added. The mixture was vortexed 
and then centrifuged. The resulting supernatant was transferred to a fresh microcentrifuge tube and 
0.6 volume (of the volume transferred) isopropanol (Merck, South Africa) was added to precipitate 
the nucleic acids. The microcentrifuge tubes were shaken back and forth until the stringy white 
DNA precipitate became visible and then centrifuged. The liquid mixture in the tube was carefully 
poured off. The DNA was then washed with 200 µl 70% ice cold ethanol (Kimix, South Africa) and 
subsequently centrifuged. The ethanol was then carefully poured off and the DNA pellet was air-
dried by placing it in a class two Bio-Flow laminar flow for 1 h or until all residual ethanol had 
evaporated. The pellet was dissolved in 100 µl TE buffer in a refrigerator overnight. 
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 The concentration of the DNA (ng.µl
-1
) was determined using the NanoDrop
®
 ND-1000 (Thermo 
Scientific, USA) and all DNA samples were diluted to ~50 ng.µl
-1
 with TE buffer for use in the 
AFLP protocol. 
 
6.3.3 AFLP analysis 
AFLP analysis were performed on the Campylobacter species (n = 22) according to adaptations of 
the AFLP microbial fingerprinting method of Perkin-Elmer (PE) Applied Biosystems (Duim et al. 
1999), and the fluorescent AFLP (F-AFLP) genotyping technique of Messens et al. (2009). Briefly, 
500 ng of genomic DNA was simultaneously digested in a 30 µl reaction volume, according to 
manufacturers instructions, with one microlitre FastDigest HindIII (Thermo Scientific, USA) and 
one microlitre FastDigest HhaI (Thermo Scientific, USA) in the presence of two microlitres of 10 × 
FastDigest Buffer (Thermo Scientific, USA). The suspension was mixed gently, briefly spun down 
and then incubated in a water bath set at 37°C for 10 min. Subsequent inactivation of the enzymes 
was not required and five microlitres of the restriction digestion products were electrophoresed in a 
1.5% Tris-Acetic Acid-EDTA (TAE) - agarose gel (Lonza, Whitehead Scientific, South Africa) at 
4V.cm
-1
 for 3 to 4 h to check that the desired size products were obtained. The desired smear of 
product in the 100 – 1500 bp region should clearly be visible (results not shown).  
 
Double stranded oligonucleotide adaptors designed by Duim and Savelkoul (2003) were 
synthesized by Inqaba Biotech (South Africa). The sequences of the adaptors are listed in Table 6.1. 
The adaptors were synthesized as single stranded oligonucleotides and annealing of the adaptors 
were therefore required prior to the ligation step. The adaptors were annealed by combining equal 
volumes of the forward and reverse strands of Adaptor HhaI and Adaptor HindIII in a 
microcentrifuge tube and heating it for 5 min at 100°C in a water bath. The adaptors were then 
allowed to slowly cool to room temperature by leaving it on the work bench for 10 min. The 
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ligation step was performed in a 50 µl reaction volume by adding five microlitres of 10 × T4 DNA 
Ligase Buffer (Thermo Scientific, USA), five microlitres of 50% PEG 4000 solution (Thermo 
Scientific, USA), 0.5 µl of 20 µM Adaptor HhaI and 0.5 µl of 2 µM of Adaptor HindIII and 2 U of 
T4 DNA Ligase, to the microcentrifuge tube containing the remaining 25 µl restriction digestion 
product. The suspension was mixed thoroughly, briefly spun down and incubated in a water bath at 
22°C for 1 h. The enzyme was subsequently heat inactivated by incubating the mixture at 65°C for 
10 min. The ligation products were diluted two-fold. 
 
Table 6.1 Sequences of adaptors used to ligate to the restriction fragments generated (adapted from 
Duim and Savelkoul 2003) 
Adaptor Forward strand Reverse strand 
HhaI  5‟-GACGATGAGTCCTGATCG-3‟ 5‟-ATCAGGACTCATCG-3‟ 
HindIII 5‟-CTCGTAGACTGCGTACC-3‟ 5‟-AGCTGGTACGCAGTC-3‟ 
 
The pre-selective PCR was performed in 25 µl reaction volumes containing 2.5 µl of 10 × PCR 
Buffer (Bioline, UK), 1.25 µl of 50 mM MgCl2 (Bioline, UK), 0.5 µl of 10 mM dNTPs 
(KapaBiosystems, South Africa), 1.25 U BioTaq (Bioline, UK), 2.2 µl of 0.1 µM pre-selective 
adaptor-specific HhaI primer (IDT, Whitehead Scientific, South Africa), 2.2 µl of 0.44 µM pre-
selective adaptor-specific HindIII primer (IDT, Whitehead Scientific, South Africa) and 5 µl of the 
ligation product that was used as the DNA template. Amplification was performed in a GeneAmp 
PCR System 2700 thermocycler (Applied Biosystems, Life Technologies, USA) using an initial 
denaturation step at 94°C for 2 min, followed by 25 cycles consisting of denaturation at 94°C for 20 
s, annealing at 56°C for 30 s and extension at 72°C for 2 min. The primers used were designed by 
Duim and Savelkoul (2003) and the sequences thereof are listed in Table 6.2.  
 
The selective PCRs were carried out in 20 µl reaction volumes containing 2 µl of 10 × PCR Buffer, 
1 µl of 50 mM MgCl2, 0.4 µl of 10 mM dNTPs, 1.25 U BioTaq, 3 µl of 0.15 µM selective adaptor-
 
 
 
 
147 
 
specific HhaI primer (IDT, Whitehead Scientific, South Africa), 3 µl of 0.75 µM FAM-labelled 
selective adaptor-specific HindIII primer (IDT, Whitehead Scientific, South Africa) and 3 µl of the 
undiluted pre-selective PCR product that was used as the DNA template. Amplification was 
performed in a GeneAmp PCR System 2700 thermocycler using an initial denaturation step at 94°C 
for 2 min, followed by 20 cycles consisting of denaturation at 94°C for 20 s, annealing at 66°C for 
45s, extension at 72°C for 2 min and a final extension at 72°C for 10 min. The primers used were 
designed by Duim and Savelkoul (2003) and the sequences thereof are listed in Table 6.2. 
 
Table 6.2 Sequences of the primers used in both the pre-selective and selective PCR amplification 
of the AFLP technique (adapted from Duim and Savelkoul 2003) 
Primer  Pre-selective PCR Selective PCR 
HhaI primer  5‟-GATGAGTCCTGATCGC-3‟ 5‟-GATGAGTCCTGATCGCA-3‟ 
HindIII primer 5‟-GACTGCGTACCAGCTT-3‟ 5‟-56-FAM-GACTGCGTACCAGCTTA-3‟ 
 
The selective PCR products were diluted 1:1(vol/vol) in TE buffer (Appendix B) and 1 µl of the 
diluted product was mixed with 2 µl of a loading buffer mix containing 1.25 µl deionized 
formamide, 0.25 µl blue dextran/50mM EDTA loading solution and 0.5 µl of GeneScan-500 
(ROX) (GS-500 (ROX)) internal lane size standard in a 0.2 ml microcentrifuge tube. The tubes 
were heated in the thermocycler at 95°C for 3 min to denature the DNA and immediately removed 
and snap-cooled on ice to prevent re-annealing of DNA strands until loaded. The sample (2 µl) was 
loaded onto a 5% denaturing Long Ranger gel using 1 × Tris-Borate-EDTA (TBE) (Appendix B) 
running buffer. The electrophoresis conditions were 2500 V for 4 h.  
 
Data generated during electrophoresis were collected by GeneScan software (Applied Biosystems, 
Life Technologies, USA). At the completion the electrophoresis, the gel lanes were tracked and 
extracted using the Gel Processor (Applied Biosystems, Life Technologies, USA) and GeneScan 
software and the densitometric curves generated were imported into the GelCompar II version 5.1 
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software (Applied Maths, Belgium). Gel lanes were normalized by use of the reference positions of 
the GS-500 (ROX) internal lane size standards.  
 
DNA fragments ranging in size from 50 to 500 bp were used for comparison. The AFLP curves 
were calculated with the Pearson product-moment correlation co-efficient of similarity. Cluster 
analysis was subsequently carried out by the UPGMA clustering method (Duim et al. 1999; Duim 
et al. 2000; Duim et al; 2001; Duim and Savelkoul 2003).  
 
 
6.4 RESULTS 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.1 Dendrogram derived from AFLP patterns of 22 Campylobacter species of free range and 
commercial chicken origin 
 
 
 
 
 
Sizes of fragments (bp) 
A 
C 
B 
E 
D 
B 2 
B1 
 
 
 
 
149 
 
6.5 DISCUSSION 
The Campylobacter strains (n = 22) used in this study were randomly selected from a pool of 
isolates obtained from a separate study in which Campylobacter was isolated from free range and 
commercial chicken and identified and subtyped using biochemical tests (Chapter 3). The aim of 
applying the AFLP technique to the selected strains was to determine the relatedness between the 
strains that were isolated from chicken bred in different regions of the Western Cape based on its 
genetic composition.  
 
After polyacrylamide gel electrophoresis, a pattern of 20-200 bands were obtained for the isolates 
(Figure 6.1). Initially, according to the biotyping results obtained from the separate study (Chapter 
3), it showed that 7 C. coli strains were included in this study for AFLP analysis. However, the high 
discriminatory power of the AFLP technique showed that four of the isolates believed to have been 
C. coli, were indeed C. jejuni. This is further testimony that phenotypic subtyping of 
Campylobacter is not a reliable tool and that the AFLP technique provides higher discriminatory 
power for the subtyping of strains. This reclassification of strains brings the total number of C. 
jejuni isolates analysed by the AFLP technique to 17. The C. coli isolates are represented in cluster 
E of the dendrogram (Figure 6.1). 
 
Five genotypes were obtained after UPGMA cluster analysis (clusters A-E) (Figure 6.1). The scale 
represents percentages of similarity as determined with the Pearson coefficient. The cut-off for 
similarity was set to 90% and therefore isolates that shared a similarity percentage of 90% or more 
were considered to be identical (Duim et al. 2001; Zweifel et al. 2008; Messens et al. 2009). 
Groups of isolates sharing a similarity of 90% and more were grouped to form a phenon (Olive and 
Bean 1999; Zweifel et al. 2008). Isolate reference numbers are included on the far right of Figure 
6.1.  
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Cluster C contains the two clinical C. jejuni isolates that were included in the study to determine the 
differences in the genetic make-up of clinical C. jejuni strains in comparison to C. jejuni strains 
from chicken origin. The two clinical strains are clustered together; however they share a genetic 
similarity of < 60%. The C. jejuni strain 216.09 BC was a blood culture isolated from a hospitalized 
patient (Groote Schuur Hospital) in 2009, while the C. jejuni strain 5953887 was isolated from the 
stools of a hospitalized patient (Groote Schuur Hospital) in 2012. This could account for the two 
strains not being related (80% or more). These clinical strains share less than 45% similarity with 
C. jejuni strains of chicken origin. This implies that the source of the clinical C. jejuni isolates 
cannot be linked to any of the C. jejuni strains of chicken origin and that the hospitalized patients 
did not acquire their infection(s) from the chicken(s) of which the C. jejuni strains were isolated.   
 
Cluster A (Figure 6.1) is comprised of C. jejuni strains of both commercial (S3CPT, CF6ISO, 
S1CPT, CF6CPT) and free range (L34ISO and L39ISO) origin. The C. jejuni strains S3CPT and 
CF6ISO share a ~91% similarity and are therefore considered to be identical. These two strains 
originate from chicken bred on two different commercial farms in the Stellenbosch area of the 
Western Cape province of South Africa. These two farms supply the same distributor of retail 
chicken in the Western Cape. A common source that is supplied to both the farms such as the feed 
or the hatchery could be implicated as the original source of the Campylobacter infection. The C. 
jejuni strains S1CPT and CF6CPT displays similarity (~87% and ~84% respectively) to the S3CPT 
and CF6ISO phenon. Strain CF6CPT was characterized as C. jejuni subsp. jejuni biotype 2 using 
the biochemical characterization scheme. A distinct banding pattern is obtained for this strain from 
other C. jejuni strains of which most were characterized as C. jejuni subp. jejuni biotype 1. CF6ISO 
and CF6CPT were isolated from the same chicken leg (Chapter 3) from a batch of one farm while 
S3CPT and S1CPT were from the same batch of samples of another farm. It can therefore be 
deduced that the original source(s) of contamination or the farm environment(s) are abundant with 
different strains of Campylobacter. However, it should be noted that the chickens on these farms 
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are kept in cages as it is commercial farms. Therefore the Campylobacter strains are introduced to 
the chicken through sources such as the workers entering the chicken houses or the drinking water 
and feed brought into the chicken house (Humphrey et al. 2007; Horrocks et al. 2009). 
 
 The free range C. jejuni strain, L34ISO shows 82% similarity to the commercial C. jejuni strain 
CF6CPT and the strain L39ISO displays a 75% similarity to L34ISO. This difference in the 
somewhat similar free range C. jejuni strains suggest that the free range farm environment is most 
likely to also be abundant in different strains of Campylobacter as campylobacters are considered to 
be ubiquitous in the environment (Allos and Lastovica 2011).  
 
The second genotype in the dendrogram (cluster B) (Figure 6.1) contains two phenons; the C. jejuni 
strains R2CPT and T1CPT which share a 95% similarity and the C. jejuni strains R9CPT and 
T3CPT which share a similarity of 90%. The two former strains are identical to each other while 
the two latter strains are identical to each other. R2CPT and T1CPT are from different farms while 
R9CPT is from the same farm as R2CPT and T3CPT is from the same farm as T1CPT. Therefore, it 
could also be concluded that a common source supplied to the two farms are the original source of 
Campylobacter infection. This cluster also comprises of the C. jejuni strains of free range chicken 
origin (L6CPT, L1CPT). This could also imply that a vehicle of transmission exists in the 
environment such as flies or wild birds (Zweifel et al. 2008) as the location that these strains 
originate from are in different regions of the Western Cape. Further investigation and analysis of 
the sources of the chicken feed or the chick supplier is required. CF8CPT is similar (85%) to the 
R9CPT and T3CPT phenon while CF12CPT is ~72% similar to clusters B1 and B2. CF8CPT and 
CF12CPT are from the same batch of chicken samples as the CF6ISO and CF6CPT strains and are 
from the same farm. The heterogeneity between the isolates indicates that there are multiple sources 
of Campylobacter infection on the farm.  
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The C. jejuni strains NS6ISO, FOU113NS and NS25ISO are of free range chicken origin and have 
all originated from the same free range farm. They are grouped together in cluster D of the 
dendrogram (Figure 6.1). The strains FOU113NS and NS25ISO are grouped in a phenon and has a 
~96% degree of similarity. These strains were isolated 6 months apart; strain FOU113NS was 
isolated in cooler month of May 2011 while the NS25ISO strain was isolated in the warmer month 
of November 2011. This could represent a strain that is dominant or persistent on the farm. Strain 
NS6ISO is ~91% similar to the phenon described above. NS6ISO and NS25ISO were isolated from 
different batches of chicken samples almost two months apart. This too, could represent a dominant 
strain in the environment as a similarity of 90% or more is considered to be identical strains.  
 
The strains CF10ISO, CF9ISO and S5CPT are C. coli isolates of commercial chicken farming 
origin. These strains are grouped together in cluster E (Figure 6.1). The C. coli strains show a 
greater degree of heterogeneity to each other as CF10ISO and CF9ISO, of one batch of samples, 
have a ~68% genetic similarity. C. coli S5CPT was isolated from a different batch of chicken 
samples and has a ~43% similarity to the CF10ISO and CF9ISO strains.  
 
 The AFLP fingerprints of the 22 strains included in the study were vastly heterogeneous. The main 
reasons for the heterogeneity of the fingerprints obtained amongst the strains is due to the mutations 
in the restriction sites as well as in sequences adjacent to the restriction sites as well as insertions 
and deletions within the amplified fragments (Savelkoul et al. 1999). Several studies have 
identified a high genetic diversity amongst both human and animal C. jejuni strains (Aeschbacher 
and Piffaretti 1989; Duim et al. 2000). The heterogeneity of the C. jejuni strains in this study could 
be a reflection of this normal genetic diversity. Inconsistency in the PCR could account for the 
minor differences obtained in the AFLP fingerprints of genetically identical (90% or more 
similarity) strains.  
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6.6 CONCLUSION 
The AFLP technique applied in this study indicates that it is a powerful and reliable method for 
demonstrating whole genome polymorphisms among strains of C. jejuni and C. coli from chickens 
in the Western Cape, South Africa. It was clearly indicated that strains that cluster at and above 
90% similarity can be considered to be genetically or epidemiologically related while similarity of 
80% or more could still be significant for identifying epidemiologically related strains. The strains 
of free range chicken origin were found to be more heterogeneous than those of commercial 
chicken farming origin. Overall, the fingerprint data obtained had indicated that all the strains had 
shown a high genetic diversity. No similarity was found between the genotypes of the strains from 
chicken and those of human infections. The high discriminatory power of the technique has the 
ability to track the source of Campylobacter infections. Future studies on the genetic diversity of 
campylobacters should include a larger number of clinical strains as well as more strains isolated 
within and between the supplier farms. This could lead to a better conclusion as to which strains 
contribute to the disease burden in the Western Cape or on a larger scale, in South Africa.  
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Chapter 7 – Conclusion 
Campylobacter is the leading bacterial agent of human gastroenteritis and is responsible for 400 to 
500 million reported cases globally. The illness is usually self-limiting but individuals with a high 
risk profile such as young children, the elderly and immunocompromised individuals often 
experience extra-intestinal infections such as meningitis and endocarditis or post-infection 
complications such as Guillain-Barré Syndrome and Reactive Arthritis.  
 
Chicken is considered as the main reservoir of Campylobacter species and is reported to be 
prevalent in 35% to 85% of poultry flocks globally. These figures suggest that chicken can be 
considered as the main vehicle of transmission of campylobacteriosis to humans. The sporadic 
nature of the illness suggest that the majority of campylobacteriosis cases originate from the 
domestic kitchen where raw chicken is mishandled and working surfaces and ready-to-eat (RTE) 
foods become cross-contaminated with campylobacters. The present study surveying the prevalence 
of Campylobacter in South African chicken showed that 27% of retail chicken (n = 84) and 73% of 
chicken sampled directly from the abattoir (n = 182) but also intended for human consumption are 
contaminated with Campylobacter species. Furthermore, 79% of free range chicken (n = 118) and 
56% of commercial chicken (n = 64) were contaminated with Campylobacter. The Cape Town 
protocol was optimized by including the enrichment broth used in the ISO10272-1:2006 method for 
the recovery of and enrichment of damaged or stressed Campylobacter cells from food samples. 
Therefore, the growth of emerging Campylobacter species that may have been present were not 
recovered as Bolton broth suppresses the growth of these campylobacters. The total number of 
Campylobacter species isolated in this study was 156 of which 102 isolates were C. jejuni and 51 
were C. coli. The speciation of 3 Campylobacter isolates could not be determined. There was no 
major difference (3%) between the two isolation techniques but results obtained using the Cape 
Town Protocol was in less time (48 h) than the ISO10272-1:2006 method.  
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The survival of four randomly selected strains in chicken meat at refrigeration and freezer 
temperatures was determined. The study was designed to simulate refrigeration and freezing of 
chicken in the domestic kitchen. All the strains in duplicate were able to survive the eight day 
period at refrigeration temperature. The survival of the strains at freezer temperatures was more 
variable. The freezing of the artificially contaminated chicken showed no immediate decline upon 
visual examination as was the case in several other similar studies across the world. A 
Campylobacter strain of free range chicken origin, C. jejuni subsp. jejuni biotype 1 NS24a, lost its 
culturability on the eighth day of the survival period. The rest of the strains were of commercial 
chicken origin. C. coli CF10a survived for 25 days while C. coli CF9a and C. jejuni S1b were able 
to survive the 30 day sampling period and still maintained its viability after the 30 day period. A 
decline in number for the survival period was noted upon visual examination at each sampling time. 
These results indicate that extra caution should be taken when handling fresh raw chicken that is 
stored in the refrigerator and freezer, although the risk associated with frozen chicken declines over 
time.  
 
The antibiotic susceptibility patterns of a selection of the isolates (n = 122) were performed. 
Susceptibility to the antibiotics nalidixic acid, tetracycline, erythromycin and ciprofloxacin were 
tested using the disk diffusion method and results interpreted using the NHLS guidelines. The 
percentages of resistant C. coli strains (n = 33) of free range chicken were 18, 39, 61 and 85% 
respectively while C. jejuni strains (n = 56) isolated from free range chicken were resistant to the 
above-mentioned antibiotics by 4, 11, 50 and 64% respectively. C. coli isolates (n = 4) of 
commercial chicken origin were 100, 50, 100 and 25% resistant to the antibiotics respectively while 
C. jejuni strains (n = 29) showed 100, 86, 97 and 79% resistance to the antibiotics respectively. The 
resistance to the respective antibiotics are very high and indicates that humans with severe 
campylobacteriosis cases requiring antibiotic therapy will not respond to the antibiotics when it is 
administered.  
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The genetic relatedness of a selection of isolates (n = 22) were determined using the AFLP 
technique. A genetic similarity of 90% or more was observed for five phenons of C. jejuni strains 
from different farms and even between free range and commercial farms. All C. coli and C. jejuni 
strains displayed a high genetic diversity with heterogeneous AFLP fingerprints, indicating that 
there were various sources of Campylobacter infections of the chickens, even within the same farm. 
A few strains isolated from chicken bred on different farms were found to be identical and this 
indicates that a source common to both farms such as the feed or the hatchery could be implicated 
as the source of a diversity of Campylobacter strains. The AFLP technique is also useful for the 
subtyping of bacteria and four strains incorrectly characterized as C. coli by biochemical tests were 
genotyped as C. jejuni strains with the high discriminatory power of the AFLP technique.  
 
This study has shown that Campylobacter species is prevalent in South African chicken and the 
environment at high rates. This poses a high risk of acquiring campylobacteriosis to South Africans 
as undercooked chicken as well as other foods cross-contaminated with Campylobacter is likely to 
be consumed. The South African population therefore need to be informed of the serious risks 
associated with the consumption of undercooked or mishandled chicken and need to use good 
hygienic practises to reduce or eliminate the risk of acquiring the illness.  
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Appendix A 
 
1. Luria Bertani (LB) broth (150ml) 
1.5 g Tryptone Powder (Pancreatic Digest of Casein) 
0.75 g Yeast Extract 
0.75 g NaCI (58.44 g/mol) 
Weigh out each constituent and add to a clean 250ml Schott bottle. Add 150ml distilled water Mix 
by shaking. Autoclave. 
 
2. Tryptose Blood Agar 
Weigh out the required amount of agar as stipulated on the media bottle. Add distilled water to the 
required volume. Shake to dissolve. Autoclave. Add 10% unlysed horse blood and prepare plates.  
 
3. Columbia Blood Agar 
Weigh out the required amount of agar as stipulated on the media bottle. Add distilled water to the 
required volume. Boil the media to dissolve. Autoclave. Add 5% unlysed horse blood and prepare 
plates.  
 
4. Mueller Hinton Agar 
Weigh out the required amount of agar as stipulated on the media bottle. Add distilled water to the 
required volume. Boil the media to dissolve. Autoclave. Add 5% unlysed horse blood and prepare 
plates.  
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Appendix B 
 
1. 10X TAE Buffer (1 litre) 
48.4 g Tris 
11.4 ml Glacial acetic acid 
3.7 g EDTA 
Weigh and measure out each constituent. Dissolve in 1 litre distilled water. It is not necessary 
to have the pH of the solution done. The solution does not need to be autoclaved.  
 
2. 10X TBE Buffer (500ml) 
0.9 M Tris 
0.89 M Boric Acid 
25mM EDTA 
Weigh out each constituent and add to a clean 1litre Schott bottle. Add 500ml distilled water. 
Heat to dissolve while stirring and autoclave. 
 
3. 1X TE Buffer (500ml) 
10mM Tris – HCI 
1mM EDTA 
Weigh out each constituent and add to a clean 1litre Schott bottle. Add 500ml distilled water. 
Mix by shaking. Autoclave. 
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4. 1X PBS pH 7.2 (1 litre) 
8 g NaCI 
0.2 g KCI 
1.44 g Na2HPO4 
0.24 g KH2PO4 
Add 800ml of distilled water to a clean 1 litre Schott bottle and add the required weight of each 
constituent. Adjust the solution to pH 7.2. Adjust to the final volume of 1litre and autoclove. 
 
5. 10% Sodium dodecyl sulphate (SDS) (400ml) 
40 g SDS 
Weigh out the SDS and add to a clean 1 litre bottle. Add 400ml distilled water. Dissolve by 
placing on a hot plate with stirring. DO NOT AUTOCLOVE. 
 
 
6. 20mg/ml proteinase K 
Weigh out 20mg proteinase K and add to 1 ml PCR grade water. Filter sterilize. Store in small 
single-use aliquots at -20 
o
C. 
 
7. 5M NaCI (200ml) 
Weight out 58.44 g NaCI and add to a clean 500ml bottle. Add 200ml distilled. Dissolve by 
heating and stirring. Autoclave. 
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8. Hexadecyltrimethyl ammonium bromide (CTAB) / NaCI Solution (100ml) 
4.1 g NaCI 
10 g CTAB Dissolve the NaCI in 80ml (PCR grade) water. Slowly add the CTAB while heating 
and stirring. If necessary, heat to 65 
o
C to dissolve. Adjust to a final volume of 100ml with 
(PCR grade) water. Do not autoclave. 
 
8. 24:1 Chloroform/Isoamyl alcohol (50ml) 
Measure out 48ml chloroform and 2ml isoamyl alcohol and add each constituent to a clean 
50ml Greiner tube. Invert gently to mix. Cover with foil. 
 
9. 25:24:1 Phenol/ Chloroform / Isoamyl alcohol (50ml) 
Measure out 25ml phenol, 24ml chloroform and 1ml isoamyl alcohol and add each constituent 
to a clean 50ml Greiner tube. Invert to mix. Cover the tube with foil. 
 
10. 70% Ethanol (500ml) 
Add 150 ml distilled water to 350 ml 99.9% Ethanol. Mix by inverting 
 
 
 
 
 
 
